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JOHN Q. 


“\ CARCELY has the noise of the thundering guns ceased 
% to reverberate along the Meuse before we begin to 
hear the senseless chatter, time worn and oft refuted, 


that all wars have now ceased forever. The prophets Isaiah 


and Micah in identical language foretold the day when 


men would beat their swords into plowshares and their 


spears into pruning hooks. This prophecy is now being 


fulfilled in this country under our very eyes. It was like 


wise fulfilled after 1865 and agair. after 1898. In fact, the 


periodical fulfillment of this beautiful prophecy makes it 


a somewhat unsafe foundation upon which to build a 


policy of national defense. Nevertheless we are proceed- 


ing upon a theory which for the time being and until 
war comes fulfills that other prophecy, “Neither shall 
they learn war any more.” Oh, if by simply wishing we 


could make things so! 


According to the teachings of our first President, in 


peace is the time to make preparation for war. It is for 


such preparation as I believe our first President would 


approve of that I speak. Fabulous as has been the cost 


mighty, though necessarily hasty and wasteful, 
ghtry § J J 


ot our 


elort to prepare for war in time of war, it will not have 


been expended in vain if we and those who come after us 
shall learn from this experience, and not allow to be for- 
gotten the very obvious lessons it has taught. 

There were no plans, we are told. The next five years 
will be the very best years in the century to make plans. 
The lamp of actual experience, a heart-rendering experi- 
ence in many respects, will be a light to guide us. 
maintain a 


In 


Let me not be misunderstood. I would not 


huge Military Establishment in time of peace. fact, I 


have always favored a small standing Army, knowing full 


Swords and Plowshares 


By 


TILSON 


well that in the future as in the past our wars must b 
fought by citizen soldiers. For their own sakes as wel 
as for the sake of the country whose defense is the 
most sacred duty they should have the benefit of an el 
mentary military training; but as I have here tried t 
show, the most serious obstacle to be overcome by us ir 


the Great War was not the lack of trained man power, im 
portant as this was. The mobilization of our industries 
for the production of munitions was the really big prob 


months was too short to solve 


lem. The war lasting 19 

it. The return of peace gives another opportunity t 
attack the problem in an orderly, systematic, and scientific 
fashion. The future welfare and safety of the Republic 
demand that we perform our part of the task now. We 
of this day and time shall prove ourselves unfaithful serv 


earnest effort to prevent it we permit 


back 


ants if without an 


ourselves to drift into the same old fool’s paradise 


in which the war found us. 

To prevent such a/relapse is not so much a matter < 
expense as it is of attitude on the part of Congress and 
the people and of far-sighted, practical making of plans 


be, 








carrying them into execution o1 


A tithe of 


so far as ma 





Vv 


the part of those charged with responsibility. 


the sum that was wasted in the frenzied effort made 


during the war if properly expended would go far toward 
against the possible recurrence of the necessity 
For shall not cease to 
the 


kept so for 


an expenditure one, I 


urge and to &ssist wherever I may that house of our 


national defense be put in order and 


benefit of our own posterity, as well as for the good of all 
I 7 ~ 


mankind. 


(Extract from speech in the House of Representatives, 


66th Congress.) 
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Service 


GEO. W. BURR 


em 


lER having served on detached duty for the past 
two years the writer but recently returned to duty 
with the Ordnance Department and was assigned as 


Chiet of the Field Service. 


A.O.A 


It was during this period that the Service was or- 


Field 
eanized as a separate division of the Ordnance Department. 
and its first duty was the handling of this great warehous- 
The 


ing problem manner 





From general knowledge, 


previously aequired, and 
closer study of the organi 
the 


been in 


zation m brief time 
that he 


contact 


has inti 


mate with it, cer- 
tain impressions have been 
formed which may he of 
interest. 

In the period immediate 
ly following the armistice, 
the task 


for, 


the magnitude of 
of receiving, caring 
arranging for 
the 
ous quantities of ordnance 


storing or 
disposition of enorm- 
supplies belonging to the 
military establishment can 
can not be visualized or 
appreciated by one not 
thoroughly acquainted, with 
the vast extent of the war 
operations of the Govern- 
ment. <At the time of the 





in which the department 


Field 


particular, per 


at large, and its 
Service li 
this 


formed its mission in 


extraordinary situation Is 
a matter of history and re- 
flects 
the personnel of 


eredit 
the 


unusual upon 
new 


organization. 


The mere problem ot 
providing shelter for the 
huge accumulation of 
stores was a stupendous 


one, but at the present 
date all Ordnance Depart- 
ment stores are permanent- 
ly housed or otherwise ade- 
quately protected and the 
department is consolidat- 
ing and reducing as rap- 
idly as possible and, where 
necessary, shifting to per- 
depots the stores 
The task of 
identifving, classifying, in- 


manent 
on hand. 





armistice the country had 


arrived at the peak of Brig. Gen. George W. Burr ventorying, cleaning and 
produetion of war sup- Chief, Ordnance Field Service labeling the stores on 
plies. The demobilization of war industry plants and neces hand and received was almost endless, but it has been 
sity for promptly clearing these plants of the stores and prosecuted without cessation and to-day is measurably com- 
material on hand to enable them to resume their peace pleted. 

time production, augmented by the accumulation of stores Millions of square feet of storage space have been ac- 


due to the cessation of shipments abroad, put upon the Ord- 
nance Department a task without parallel in any warehous- 
In addition, the demobilization of 
the Army and the abandonment of eamps and training sta- 
tions returned to the department for safekeeping and dispo- 


ing activities in history. 


sition the stocks of stores at these stations and in the hands 
ol troops. 
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quired and much of this space had to be improvised, but the 
work has been expeditiously and economically accomplish- 
ed. Stores to the value of billions of dollars have been hand- 
led. 


refer to the extensive warehouse operations of some of our 


In considering warehousing propositions it is usual to 


great industrial or commercial corporations, but the ware- 


housing work of the Field Service in the last two years 



































































166 


has been greater in’ magnittide thar’ that of many of ‘bur 


largest industrial corporations combined. 

However, the unusual nature of the work arises not 
from its magnitude but from the character of the emer- 
gency conditions under which it was earried on—the lack 
of storage facilities, the lack of definite knowledge of re- 
quirements, the lack of sufficient trained personnel with 
knowledge of the material to be stored—all of these econ- 
ditions made the task so unusual and so extraordinary that 
its efficient accomplishment must be regarded as a marvel 
in this particular line of work. It could not have been so 
efficiently accomplished without the continued, devoted and 
untiring efforts of the personnel connected with the Ord- 
nance supply service. Many of the devoted officers and 
civilians who were concerned in this work are now out of 
the service, but to them, as well as to those remaining in 
the service, in the last analysis must be given the credit 
for the results attained. The writer feels that he is free 
to pay this deserved tribute to the personnel of the Field 
Service because, at the time under discussion, he was not 
connected with this service. 

The Field Service has in its storehouses much reserve 
material of an unusual character which must be stored so 
as to be readily accessible for examination and the eare 
necessary for preservation. The methods of storage of 
bulky articles such as guns, carriages and other vehicles, 
so as permit such examination and reconditioning without 
excessive handling and with necessary space economy, have 
been the subject of much study. In many of the store- 
houses original and noteworthy methods of compact, ac- 
eessible storage of such articles have been worked out, and 
the originators of these methods* may well be proud of their 
work. In fact, some of these warehousing methods are 
models well worthy of the study of any expert in such 
matters. 

An impression gained by the writer in the short time 
that he has been on duty in the Field Service has reference 
to the relations already established between the Field Serv- 
ice and the agencies of other branches of the Army with 
which it has to deal. The establishment of the Field 
Service as a separate major division of the Office of the 
Chief of Ordnance brought together under one head vital 
functions and duties of the Ordnance Department. The 
Field Service, as its name implies, is conce:ned with the 


[*Description of some of the unique warehousing methods developed 
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operations of the Ordnance Department in the field It is 
the point of contact, the connection. between the Ordnanes 
Department and the rest of the Army. In this contact 
its duty is one of service. Its primary reason for existenee 
is to serve the troops promptly and efficiently in all mat- 
ters of supply and maintenance confided to its charee. The 
efficiency of the troops depends in large measure upon the 
manner in which the Ordnanee Field Service performs 
its duties and in the Army at large the reputation of the 
Ordnance Department is almost entirely dependent upon 
the efficiency of its Field Service. It is essential that this 
relationship be kept in mind. 

The Field Service is, in many respeets, similar to a large 
commercial organization serving the needs of a certain 
line of business. It provides its services, and its success 
depends upon the quality of those services. 
tory to those served, it seeures their good-will and ap- 
proval and its future relations with them are made easier 
because of the favorable impression thus established. In 
this way mutual understanding and confidence beget har- 
mony and harmony promotes efficiency. From the be- 
ginning the Field Service has earnestly endeavored to eo- 
operate with and be of use to the Army, the National 
Guard and others it serves; and to this attitude of help- 
fulness and to the sympathetic relations resulting there- 
from must be attributed in large measure its success in the 
past. The mutual understanding and cordial relations al- 
ready established with those with whom it does business 
constitute to-day its most valuable asset and the continued 
cultivation of this sympathetic attitude must be the founda- 
tion for its usefulness in the future. 


If satisfae- 


This happy relationship is, of course, merely a concrete 
expression of the settled policy of the Chief of Ordnanee 
to invite and encourage on the one hand a sympathetic 
understanding with the department’s patrons in the mili- 
tary service, whether Regular Army, National’ Guard or 
other user of ordnance material, and on the other hand to 
foster similar relations with. Ameriean industry, upon 
which the department, in emergency, is dependent for sup- 
plies. His poliey of insisting upon consideration of the 
human element in all of the department’s relations has 
gone far to promote efficiency and harmony and has made 
easier the Ordnance officer’s work. It is a pleasure to 
record here the fact that the Field Service is a thorough 


believer in this policy, has in the past adhered to it with 


y the Ordnance Field Service will be printed in later numbers of r ; : a as Pie 
re ORDNANCE.—ED. ] great suecess and will consistently follow it in the future 
e 7 at 
{General Burr's first service was in the Artillery; after 5 years he was transferred to the Ordnance where is a subordinate, me ab 
Allegheny, Rock Island and Watervliet Arsenals and Sandy Hook Proving Ground. During this time he was actively connected ‘ 
design and the manufacture of the Model 1902 Field Artillery material used in the service for many years. a nee ee 
He was Commanding Officer, Manila Arsenal, and Chief Ordnance Officer, Philippine Division, 1907-10; Commanding Officer, Augusta cit: 
Georgia, 1910-11; and Commanding Officer, Rock Island Arsenal, 1911, to February, 1918. ; De sail 
From February to October, 1918, he was Chief Ordnance Officer of American Forces in England and representative of the Ordnance — se 
with the English Government. He returned to Washington, D. C., in October, 1918, and was assigned to duty in the Ordnance Office 4a 
Chief of the Engineering Division. as oe : 
In November, 1918, he was assigned to duty in the Purchase, Storage and Traffic Divisions of the General Staff as Assistant Darectos = rv 
the Purchase, Storage and Traffic Division of — Cae a 


March 1, 
succession to Maj. Gen. George W. Goethals. 


the Secretary of War, of questions relating to demobilization of war industry, disposition of surplus property -. 
He continued in that position until relieved at his own request on September duty 


partment. 

Upon relief from duty with the General Staff, Genera 
Department liquidation matters abroad and in that capacity 
the English Government was settled. 
as Chief of the Field the 


concluded 


various departments of 


He was assigned to duty Service of 





1919, was appointed Assistant Chief of Staff and Director of pee 
, j snieidin- tema . aan veneral charge 

Here, in addition to supervision of army supply work proper, he was in general ch hae 
contracts. 


| Burr was sent abroad as Special Representative of the Secrtar) of War to close 


Ordnance 


of war 


settlement 
1, 1920, in order to return to with the Ordnance De 


ip War 


contract by which the war business of the War Department th the 


Department, December 16, 1920. Ep. ] 














Ordnance Maintenance 


By 








KENNETH B. HARMON 


M4 


i< 


{Colonel Harmon was in command of th 


by the newly appointed Chief Ordnance Officer of the American 
maintenance personnel to be sent overseas. 
lishment and operation of the supply and 


Ordnance depot, then an intermediate depot and later on an advance 
Pershing.—Eb. ] 
AST wars have been fought with weapons of such 


simplicity that very limited repair facilities were re 

quired with an army. Prior to the World War each 
company took into the field a small box containing an as 
sortment of spare parts and a few simple tools with which 
the company mechanic repaired the rifles and pistols. Each 
battery of field artillery had a store wagon, a battery wagon, 
and a forge limber containing a variety of spare parts and 
special tools including a blacksmith’s outfit which was used 
chiefly for shoeing horses. 
the de- 


new 


In recent years much progress has been made in 
velopment of more effective weapons, a variety of 
weapons has been added and motor vehicles introduced as 
Most of 
attended by increased intricacy of design and complexity 
of construction. During the World War this development 
went forward at a remarkable rate, and there is every indi 


substitutes for horses. these changes have been 


cation that the next war will be, to a still greater extent, a 
war fought with mechanieal devices. Consequently in our 
most recent war it was necessary, and in future wars it will 
be even more necessary, to provide extended facilities for 
the repair of the equipment used by troops. 

The equipment of our armies is furnished by several staff 
departments—the Quartermaster food, 
shelter, clothing and facilities for general transportation |b) 


Corps supplies 
water, rail and road; the Medical Corps furnishes medica! 
supplies; the Signal Corps furnishes facilities for ecom- 
munication; the Engineer Corps furnishes engineering sup- 
phes, but almost entirely for its own use; and the Ordnance 
Department furnishes weapons. The Air Service supplies 
its own flying equipment, but the Ordnance Department 
provides the armament. 
part of the mechanical equipment with combat troops, ex 
cept the Air Service, is furnished by the Ordnance Depart 
ment. In faet, the only other mechanical equipment of 
importance is the motor transportation. 


From this it is seen that a greater 


It goes without saying that the Ordnance Department 
should furnish the facilities and personnel trained for the 
maintenance of the equipment it issues, and due to the pre- 





mber 


largest Ordnance Depot on the 
experience in supplying ordnance to troops in the field, as well as maintaining in serviceable condition that already 
Expeditionary Forces to organize and take 

For his highly efficient work in 
maintenance system of the 
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AO.A 


Due to his 
selected 
to France the first unit of ordnance 
connection with the solving of problems connected with the estab- 
} in establishing first a base 
Distinguished Service Medal by General 


Mexican entered the World War. 


issued, he was 


3order when the U. S 


Ordnance Department of the A. E. F., and 
depot, he was awarded the 


ponderance of Ordnance equipment it appears desirable to 
charge this department also with the repair of equipment 
issued by other departments, since more than one system 
of shops in the combat zone is neither desirable nor econom- 
ical. The repair facilities for the flying equipment of the 
Air Service are of such a special nature and so extensive 
that they do not lend themselves readily to combination 
with the other repair facilities of the army, and they are 
exempted from the statements in this paragraph. The arma- 
ment of the planes is, however, maintained by the Ordnance 
Department. At present the field repair shops are actually 
operated by the Ordnance Department, and these shops are 
charged also with the maintenance of all automotive equip- 
ment with artillery brigades, including that furnished by 
the Motor Transport Service of the Quartermaster Corps. 
The one disadvantage of this system is that no single service 
is responsible for the suecessful operation of the motor 
transport equipment. The Motor Transport Service is de- 
pendent upon the Ordnance Department for proper main- 
tenance of motor transport vehicles, and the Ordnance De- 
partment at the same time is dependent upon the Motor 
Transport Service for the supply of necessary spare parts. 
The 
can 
tion by the General Staff. 


fault in such a scheme of organization is obvious and 
be minimized only by close supervision and eco-ordina- 


It has been svy¢gested that both the supply and main- 
tenance problems would be simplified if all motor equip- 
ment were handled by the Ordnanee Department. This 
solution seems to be a practicable one, even if transporta- 
tion is operated by a separate corps in time of war, because 
the Ordnance Department would bear to it the same relation 
it bears to other branches of the service—it would design, 


manufacture (or procure), issue, and maintain the equip- 


ment. This diseussion, however, is foreign to this subject 
and we will proceed with a discussion of maintenance under 
the conditions which now exist. 

Probably the first step by the Ordnance Department in 
extending maintenance facilities with troops was the issue 
of an artillery repair truck, equipped with machinery, to 
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“C” Battery of the 5th Field Artillery at El Paso, Texas, 
in 1916. This was while General Pershing’s expedition was 
in Mexico and large forces were mobilized in Texas. At 
about the same time the Ordnance officers at Columbus, 
N. M., El Paso, San Antonio and Harlingen, Texas, im- 
provised mobile repair shops by constructing special bodies 
on ordinary trucks. With these they were able to effect 
repairs to equipment with troops at a distance from the 
base. With our first division which sailed for France, 
there was provided a complete small machine shop of a 
portable nature but not strictly mobile. Later on, as it be- 
same available, mobile equipment was provided and all of 
our divisions went into action accompanied by good mobile 
ordnance repair shops. By the time the Armistice was 
signed equipment was being received in France of such a 
character that our shops were far superior to any provided 
by other nations. Two kinds of shops were used at that 
time—one, a light shop for divisions and known as a Mobile 
Ordnance Repair Shop; the 
other, a heavy shop, of which 
there was only one in 
Franee, for assignment to 
brigades of heavy, motorized 
artillery, and known as a 
Heavy Artillery Mobile Ord- 
nance Repair Shop. The val- 
ue of this latter shop is 
about half a million dollars, 
based on war-time prices, 
and it constitutes a very 
complete machine shop. The 
Light and Heavy Mainten- 
ance Companies, hereafter 
deseribed, are the outgrowth 
of these mobile shops. Fol- 
lowing the war there was 
established in the Ordnance 






































ORDNANCE 


tors and all the automobiles and motor equipment of various 
kinds used by artillery brigades; 


Aireraft Armament, that is, aireraft machine guns 


From this it is evident that a very comprehensive shop 
equipment is required to enable the “Maintenance Com- 
panies” to meet the demands made upon them. 

The scheme of assigning the maintenance companies fol- 
lows the normal organization of the army into tactical units, 
The smallest and most mobile maintenance companies are 
assigned to divisions, heavier (but still mobile) companies 
are assigned to the corps troops and to the army troops. In 
rear of these are “advance base shops” permanently located 
and still further to the rear are the “base shops.” In the 
ease of an expedition based primarily on points within the 
United States—such as an expedition into Mexico or Canada 
or a defensive operation—our permanent arsenals would 
constitute the “base shop,” and the advance base shops 
would be established at 
points near the border or 
at ports of embarkation. 
However, in the ease of an 
overseas expedition, it is 
necessary to establish both 
the advance base 
and the base shops on ter- 


shops 


ritory (either friendly or 
hostile) outside the United 
States. In the recent war 
with Germany our “Base 
Shops” were at Mehun 
and our “Advance Base 


Is-sur-Tille 
addi- 


Shop” at 
both in France. In 
tion to the above there are 
provided maintenance com- 





panies to eare for auxil- 





Department a Field Serv- 
ice to perpetuate as a 
tinet function the activities of that Department with troops 


in the field. 


dis- 


A Normal War Organization with an Expedition 

One of the three divisions of Ordnance Field Service is 
the Maintenance Division. It is so ealled because it is 
charged with the maintenance of ordnance material—par- 
ticularly that which is in the hands of troops. To do this 
work there are provided “Maintenance Companies” with 
divisions, corps, and armies, as well as in the communica- 
tions zone in rear of the armies. These companies are 
provided with mobile or fixed machine shop equipment ac- 
cording to their assignment. 

The nature of the work may be understood from a state- 
ment of the principal equipment which must be maintained. 
A brief summary showing the variety and kinds is as 
follows: 

Artillery material, including guns of all kinds and eali- 
bers from the 37-mm. infantry gun up through the 75-mm. 
field gun,.and the 155-mm. howitzer to the largest 16-inch 
railway guns with their carriages; 

Small arms, including rifles, automatic rifles, machine 
guns, pistols, revolvers and pertaining equipment; 

Fire Control Instruments, including all the delicate op- 
tical and measuring instruments, field glasses, watches, ete. ; 

Automotive Equipment, ineluding the 6-ton Renault type 
tank, the 30-ton Mark VIII tank, the 5 and 10-ton traec- 


Ordnance Light Maintenance Company in the Field 


iary troops, ete., and these 


will be mentioned later. 


A brief description of the maintenance organization, the 


‘ equipment and work, beginning at the front line and work- 


ing to the rear, follows:* 


The Infantry Division 
A typical infantry division may be said to consist of two 
brigades of infantry and a brigade of artillery plus certain 
auxiliary troops. The principal Ordnance equipment to be 
maintained Is: 
17,000 rifles, 
1,200 machine guns and automatic rifles, 
3,000 pistols and revolvers, 
48 75-mm. guns, 
3,400 instruments, 
12 37-mm. guns, 
144 caissons, 
15 tanks. 
For this worksthere is. assigned to each division an Ord- 
nance Light Maintenance Company with a war strength of 


system here described is s ightly 
The remarkable success 


*Note.—It should be noted that the 
different from that used during the recent war. 
achieved by the Divisional Mobile Ordnance Repair Shops led to a care 
ful study of their organization. Based on the 
mitted by their commanding officers the equipment has been modified 


recommendations sub 


the personnel increased, the function of supply of parts added and the 


name changed. The organization here described is now under consid 


eration by the General Staff. 






op 


m- 
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seven (7) officers and one hundred and five (105) men. The 


companys Meieiage 
handles the issue of ordnance property to the division, does 


contains a headquarters and supply section which 


the office work, and runs the mess for the company. There 
is also a service section which maintains and operates ma 
chines for all purposes required. Then there are special 
sections to handle the artillery repairs; the tank, tractor, 
and automobile repairs; and the small arms repairs. The 
following table shows the internal organization of the shop: 


Ordnance Light Maintenance Company 


Officers Enlisted men 
Headquarters and Supply Section l 21 
Service Section 1 18 
Artillery Section 2 26 
Automotive Section 2 25 
Armory Section 1 15 
Total War Strength 7 105 


The variety of trades re- 


MAINTENANCE 


169 








when no suitable buildings or tents are to be had. Rude 
sheds are frequently constructed from such material as can 
be picked up, so that gun carriages, tanks, tractors, ete., 
may be disassembled and repaired under cover. The ma- 
chine equipment is never removed from the trucks, because 
the company must be ready to move with the division at a 
moment’s notice. With the sides and tail-gate down and 
the side and tail eurtains extended to form a roof, the 
truck itself constitutes a very satisfactory small machine 
shop. It may be jacked up off the springs to reduce vibra- 
tion. The maintenance company habitually carries two 
spare 75-mm. guns and carriages for use as substitutes for 
guns undergoing repair or rendered permanently un- 
serviceable. 

The limit to the work undertaken by an Ordnance Light 
Maintenanee Company depends on two factors—its equip- 
ment, and the time available. When the damage is too 

serious to be repaired by 





quired even in this, the 
smallest shop, should be 
noted—machinists, gun me- 
chanies, armorers, tank ex- 
perts, tractor experts, weld- 
ers, auto-repairmen, leather 
workers, carpenters, electri- 
cians. Reference to the il- 
lustrations will give a good 
idea of the equipment fur- 
nished the Ordnance Light 
Maintenance Company. In 
operation, this company 
forms part of the division 


and accompanies it to a |¥ 


ce, 


AW 


emy artillery will not per- 3 


point near its position in 
the line. Unless there is 
unusual protection, the en 








the facilities in the Ordnance 
Light Maintenance Shop, 
the article is sent to the ad- 
vance base shop, and if nee- 
essary, from there on back 
to the base shop. If the 
damage is slight but the use 
of a large machine is re- 
quired, the article may be 
taken to the Ordnance 
Heavy Maintenance Com- 
pany assigned to the Corps. 
In the scheme of operation 
the corps shop is intended 
to back up the divisional 
shop in only this respect, 
and the bulk of the work 





going to the rear from the 


divisions should go directly 





mit a shop to operate sue 
cessfully very close to the 
front ‘line. There was at least one case in France where 
one of our shops was foreed by enemy shell fire to abandon 
its po-ition. It is very difficult for men to do good machine 
work or delicate repairs under fire. More courage is re 
quired for this than in cireumstances where they ean fight 
back. Roads leading from the troops to the position of 
the maintenance company are marked with sign boards in- 
dieating the route so that no time need be lost in locating 
the shop. 

The light repair trucks are used to send squads of repain 
men to the organizations at their positions in the line se 
that minor repairs may be made there with little or no loss 
of time. The efficiency of a maintenance company is meas- 
ured by how nearly it sueceeds in keeping 100 per cent 0 
the fighting equipment in serviceable condition throughout 
an engagement. To this end the maintenance company 
periodically must eall guns, tanks, ete., out of service during 
periods of quiet for general overhaul and thus prevent 
breakdown which otherwise might oceur during action. 
When such precaution is taken the division may begin an 
engagement with all of its equipment in excellent condition, 
and with the greatest practicable probability of no serious 
defects developing during the engagement except those due 
to enemy fire 

The company, in selecting its site, takes advantage of 
such housing facilities as may be available, and does not 
confine itself to the shelter afforded by its trueks except 


Machine Gun Center at Void, France 


to the advance base shop." 
During an offensive some 
jobs which could readily be -handled in the Ordnance 
Light Maintenance Company must be sent to the rear on 
account of the long time required to do the work, and be- 
cause there are many short jobs coming in. The division 
commander has no discriminative interest in any particular 
gun but wants that one repaired first which can most 
quickly be gotten back into action. Priority of work should 
be regulated on this basis. 


The Corps 


A typical corps may be taken as consisting of three in- 
fantry divisions and certain auxiliary «troops known as 
“Corps Troops,” which may be assumed to consist of : 

1 Brigade of 155-mm. howitzers, motorized, including 

72 155-mm. howitzers, 
180 5-ton traetors, 
125 trucks and autos, 


216 eaissons. 


Volt In the System of maintenance t IS essential that the greatest 


possible flexibility exist and there must be no hesitation in deviating 


irom normal procedure ! t S advantageous to do so Perf t 
to the fighting t:oops is the only condition to be satisficd and every 
thing not contributory must be sacrificed to this end Care should 


taken to guard against accomplishing this at the expense of other ficht 


ng troops. It occasionally happened in France that one division a 

imulated so many spare guns in its effort to keep its full equipment 
always serviceable that other divisions had to get along with less that 
their proper allowance The supply of guns is always limited 
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1 Regiment of 155-mm. guns, motorized, 
24 155-mm. guns, 

24 10-ton tractors, ete. 

ammunition train, 

truck companies, 

anti-aireraft regiment, 

12 75-mm. guns, 

26 airplanes. 


rE 


_" 


In addition to the three Ordnance Light Maintenance 
Companies with the divisions, there are provided with the 
“Corps Troops” one Ordnance Light Maintenanee Com- 
pany for the Howitzer Brigade, and one Ordnance Heavy 
Maintenance Company for the remaining “Corps Troops” 
listed above and to back up in a limited sense the divisional 
maintenance companies. So we have with each corps a 
total of one (1) Ordnance Heavy Maintenance Company, 
and four (4) Ordnance Light Maintenance Companies, The 
light company assigned to 
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machine guns and spare parts and is the distributor to al] 
troops in the army. It may or may not act in conjunction 
with the army depot. Adding these facilities to those in 
the three (3) corps, gives a total of three heavy and sixteen 
light maintenance companies for an army. 
General Headquarters 
The General Headquarters functions for an army or a 


It has for distribution or for 


some light, 


group of several armies. 
direct operation a large quantity of ariillery 
but mostly medium ,and heavy—all of which is motorized 
or railway artillery. That artillery for distribution among 
the armies may consist of two (2) brigades of light artillery 
and one (1) very large brigade of mixed medium an 
heavy artillery for each army in the expedition. For the 
former two (2) brigades there are provided two (2) Ord- 
nance Light Maintenance Companies, and for the latter 
brigade two (2) Ordnance Heavy Maintenance Companies. 

The artillery for direct op- 





the howitzer brigade forms 
an integral part of the bri- 
gade, accompanying it and 
serving it only. The heavy, 
company is used by the 
Corps Ordnance Officer to 
discharge his obligations in 
the most satisfactory man- 
ner possible. This shop is 
generally fixed in location 
so long as the corps oecu- 
pies the same area. It is 
available to the divisional 
companies for the perform- 
ance of heavy machine op- 








eration may be assumed on 
the basis of six (6) armies, 
three (3) 
railway artillery 


to inelude regi- 
ments of 
and trench mortars, eighteen 
hundred (1800) tanks, an 
attack wing of two hundred 
and sixty (260) 
and an assortment of small- 
er units. Three Ordnance 
Light Maintenance Com- 
panies are required for the 
artillery, and six (6) Ord- 
Heavy Maintenance 
Companies for the 
One Light Company is re- 


airplanes 


nance 
tanks. 








erations. Also under desir- 
able circumstances it may 
be used as a medium for 


supplying spare parts to the divisional companies. 

The organization of the Ordnance Heavy Maintenance 
Company is similar to that of the Light Company, but on 
a larger seale, as follows: 


Ordnance Heavy Maintenance Company 


Officers Enlisted men 
Headquarters and Supply Section 2 42 
Service Section ~~ 2 53 
Artillery Section _ : 2 71 


Automotive Section 


Armory Section 


to we 
o 
Ww 


¥ 
x 


Total War Strength l 2 


The equipment includes medium-sized machines mounted 
on individual trueks or trailers, as shown in accompanying 
To preserve mobility the machines should not 
The operation of the heavy 


illustrations, 
be removed from the chassis. 
company is similar to that of the light company, but on a 
larger scale and with more varied functions. 


The Army 


An Army may be said to consist of three (3) Corps plus 
the 
army troops according to the organization here assumed 
there are an anti-aireraft artillery brigade, an attack wing 
of air troops and three (3) cavalry divisions. A _ light 
maintenance company is provided for the artillery brigade. 
one for the attack wing and one for the three cavalry di 
A fourth light company is provided to serve as 


certain auxiliary troops called “Army Troops.” In 


visions. 


an army machine gun center. It carries a large stock of 





Repair Truck for Small Arms and Equipment 


quired for the attack wing 
and another for the miseel- 
laneous small units. On this basis, the complement of 
maintenance companies for the General Headquarters re- 
serve is seventeen (17) light and eighteen (18) heavy; and 
the aggregate for an expedition of six armies is one hun- 
dred and thirteen (113) light and thirty-six (36) heavy 
companies with a stotal strength of eleven hundred and 
fiftv-one (1151) officers and twenty-two thousand two hun- 
dred and thirty-three (22,233) enlisted men. These figures 
include only the facilities with the fighting 
facilities with 


troops. 


Summary of maintenance the troops of 


an expedition of six (6) armies: 


Light companies Heavy companies 
General Headquarters Reserve 17 18 
Army troops (6 armies) 24 
Corps Troops (18 corps) is 18 
oo ae “ 54 ae 
Total 113 36 


These provisions for maintenance are for a particular 
assumed expeditionary foree. The proper provisions for 
any body of troops may be arrived at approximately by 
providing companies as indieated below: 

One Ordnance Light Maintenance Company to be assigned 


to each infantry division, 
to each cavalry division, 
to each brigade of motorized 75-mm. 


vuns or 155-mm. 


howitzers, 
to each wing of air troops, 
to each “Army Troops’ as a machine gun center, 
to each regiment of railway artillery. 
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One Ordnance Heavy Maintenance Company to be assigned 


to each “Corps Troops,” 
to each brigade of heavy motorized artillery, 
to each group (about 300) of tanks. 


The Advance Base 

The advanee base is located as far forward as safety of 
its stores and suitable railway facilities will permit. It is 
roughly speaking, as near to the enemy as it is wise to 
eonstruct permanent shops and storehouses. There may 
be one or more advance bases depending on the communi 
eations and the extent of the front. The number of Ord- 
nance Heavy Maintenance Companies stationed at an ad- 
vance base and the size of the repair shop depend upon 
the number of troops served by them. In general there 
would be ohne (1) heavy company per army of nine di- 
visions. ‘This shop undertakes extensive repairs on light 
and medium artillery, tanks, tractors, ete. 


St. Jean de Mons. All these taken in addition to the large 
Advance Base Shop at Is-sur-Tille and the enormous Base 
Shop at Mehun give some idea of the magnitude and ex- 


tent of the work. 
The Supply of Spare Parts 


Distribution and supply of spare parts require careful 
consideration. So long as parts exist in abundance little 
difficulty is experienced and almost any system will work. 
But this is seldom the case; and the supply department is 
usually confronted with the problem of reaching a happy 
compromise between the desirability of having generous 
supplies with the troops and the necessity of retaining 
supplies in warehouses for the fulfillment of requisitions. 
Supplies with troops are out of control and cannot be 
diverted from one organization to another sorely in need. 
Hence, over distribution is a danger. Taking artillery 
spares for an example, the batteries should carry very few 

spares, but the Ordnance 





The Base 

The base is the main ac- 
cumulation of supplies for 
distribution to the armies 
through the advance bases. 
In France the distance 
from the seaboard to the 
advance base was so great, 
and the capacity of any 
one port so limited, that 
it was necessary to estab- | 
lish an Intermediate Base 
about half way from the 
ports to the advance base. 


Therefore, there was a so —- 
«= 








Maintenance Company 

should have a good variety 
it in small quantities to en- 
Ht able it to meet any de- 
mands by the batteries. 
The stock in the Ordnance 
Maintenance Company 
is kept up by daily requi- 
sition to replenish its daily 
expenditures. Under ordi- 
nary circumstances’ the 





supplies for the mainten- 
ance companies are ob- 
tained from the Army De- 
pot, one of which is main- 





ealled “base” at each port; 
but the supplies from them General Machine Truck { 
all were concentrated at 
the “Intermediate Base.” 
ease was located near the intermediate base. Base shops 


The “base repair shop” in this 


are capable of undertaking any repair work, including the 
relining of guns and also the limited manufacture of spare 
parts. These shops are intended primarily for major re- 
pairs on heavy ordnance material and for large quantity 
repair on small arms, ete., too far gone to be economically 
repaired further forward. The enormous extent of such 
shops may be appreciated when consideration is given to 
the large ealiber railway artillery, tanks, ete., which they 
must handle. The Ordnance Base Shop at Mehun, France, 
employed at one time over 3,000 men, although this shop 
was only partially complete, due to the early armistice. A 
reasonable initial assignment of Ordnance Heavy Mainte- 
nance Companies to a Base Shop would be at the rate of 
two companies per army of nine divisions. 

Incidental maintenance activities in the communications 
zone include in addition to the base shops and advance base 
shops, a great number of smaller shops at all of the various 
training and replacement camps, and several training 
schools for officers and enlisted men to fit them for main- 
tenance work at the front. In France small shops were 
operated for maintenance of artillery at Coetquidan, Meu- 
con, Souges, Valdahon, La Courtine, Clermont Ferrand, 
Haussimont, Libourne, Limoges and Saumur; for machine 
guns and small arms at Langres and Gondrecourt; for air- 
craft armament at Paris, Orley Field and Ramorantin. 
Schools on artillery material were operated at Valdahon 
and Is-sur-Tille; a small arms and machine gun school was 
at Is-sur-Tille; and an aireraft armament school was at 





tained in each army area. 
ght Maintenance Company But if the distance from 

the advance base to the 
front line is short, say 15 or 20 miles, and transportation 
facilities good, then all maintenance companies may be 
supplied directly from the Advance Base. On the other 
hand, if the distance is great, the Army Depot will be used 
and the Ordnanee Heavy Maintenanee Company in the 
Corps Troops may at the same time be an intermediate 
distributor to the corps and divisional maintenance com 
panies. 


Staff Personnel 


To control the operation of the system here described for 
an expedition, there is provided a staff of ordnance officers 
distributed as follows, each with jurisdiction parallel to that 
of the general officer on whose staff he is serving: 


For the entire expedition, a Chief Ordnance Officer, who 
is in effect a deputy of the Chief of Ordnance with prae- 
tically unlimited authority on all Ordnance matters within 
the expedition ; 

For each army, an Army Ordnance Officer, charged with 
supervision of all ordnance activities in the army; 

For each corps, a Corps Ordnance Officer, charged with 
supervision of all ordnance activities in the corps troops; 

For each division, a Division Ordnance Officer, charged 
with supervision of all ordnance activities in the division. 


The Chief Ordnance Officer is on the staff of the Com- 
manding General at General Headquarters. He has assist- 
ants who operate the ordnance supply and maintenance 
system in the communications zone and with the General 
Headquarters reserves. 
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Each Army Ordnance Officer has a small corps of as- 
sistants, among whom are the following charged with main- 
tenance activities: 


Artillery Maintenance Officer, 
Automotive Maintenance Officer, 
Machine Gun and Aireraft Armament Officer. 

These men supervise and co-ordinate for the entire army 
the maintenance of the material with which they are 
charged, providing shop facilities, furnishing technical in- 
formation and attending to replacement of personnel. They 
also take direet charge of the maintenance of material as- 
signed to “Army Troops.” They must constantly be in- 
specting material even to that in the divisions, and for this 
purpose are provided with one or more assistants. 

The Corps Ordnance Officer, according to past practice, 
is charged only with the material issued to “Corps Troops” 
and he has no jurisdiction over the activities in the divisions 
forming the corps. Whether this will be the case in the 
future organization of our army cannot be stated at the 
present time. This condition merely means that the activi- 
ties in the division are supervised directly by the Army 
Ordnance Officer and not through the medium of the Corps 
Ordnance Officer. 

The Division Ordnance Officer supervises the ordnance 
activities within his division and is responsible to the di- 
vision commander for their efficient performance. 


Maintenance Activities in Time of Peace 


In time of maintenance activities are of two 


One, the maintenanee of material in the hands of 


peace 
kinds. 
troops and the other the maintenance of material in store. 
The organization for the maintenance of material with 
troops is based upon the territorial division of the United 
States into Nine Corps Areas and also the loeation of our 
troops in the Philippine, Hawaii and Panama Departments. 
(See General Order No. 80, War Department, 1919, and 
General Order No. 21, War Department, 1920.) There is 
an Ordnance Officer on the staff of each of the above eorps 
area commanders and commanders of foreign departments, 
whose duties and position are quite analogous to those of 
the Ordnance Officer of an army operating in the field, and 
they are charged with the supervision of maintenance of all 
ordnance material in use in their respective territories. The 
principal body of mobile troops in each of the above corps 
area, is or will be a division. The maintenance functions 
within the division are carried out as previously deseribed 
in this article, and the Division Ordnance Officer operates 
under technical supervision by the Corps Ordnance Officer. 
In those areas which are on the seaboard, there is ineluded 
the responsibility for the maintenance of coast artillery 
material. This is handled by the special provision of small 
shops located in each of the various coast defenses, and by 
the provision of civilian mechanies as required. In certain 
of the corps areas there are located the principal training 
centers for the various branches of the service. These are 
the Infantry School at Camp Benning, Georgia, the Field 
Artillery School at Fort Sill, Oklahoma, the Tank Corps 
Training Center at Camp Meade, Maryland, and the Coast 
Artillery Training Center at Fort Monroe, Virginia. The 
importance of these training centers is such that special 
provisions are made for the maintenance of the equipment 
used. At Camp Lewis, Washington (Ninth Corps Area), 
and at Camp Jackson, South Carolina (Fourth Corps 
Area), there are brigades of motorized 6-inch guns and 8- 
inch howitzers which are in the nature of “Army Troops.” 
With each of these two brigades there is provided an Ord- 


nance Heavy Maintenance Company. At Camp Eustis 
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(Fort Monroe), there is a brigade of railway artillery to 
which three ordnance light maintenance companies may 
be assigned. <A railway machine shop is already pro- 
vided. The Ordnance Officers and maintenance facilities 


at these training centers as well as those at the Coast De- 
fenses mentioned above and all other Ordnance, personnel 
and facilities on duty with line troops operate under teeh- 


nical supervision by their respective Corps Ordnanee 
Officers. 
The maintenance facilities in the way of equipment so 


far referred to are only those in the immediate possession 
of the Ordnance personnel with troops and thus parallel 
This provision is sufficient 
‘or the 
ordnance estab- 


the equipment with the army. 
to take eare of only minor and medium repairs. 
heavier work use is made of permanent 
lishments such as arsenals located at various points through- 
out the United States. 


serve each of the various corps area and eorresponds to 


One such arsenal is designated to 
the “Advanee Base Shop.” In some eases a single arsenal 
serves several corps areas. These arsenals are operated by 
the Field Service and combine the funetions of a supply 
depot with those of a machine shop. These arsenals in 
manufacturing 
The Field Ser- 


vice Arsenals used for maintenance purposes are at Benicia, 


turn are backed up by the big arsenals 


which serve the purpose of “Base Shops.” 
California; San Antonio, Texas; Augusta, Georgia; Rari- 
tan, New Jersey; Manila, Hawaii, and Panama and are 
equipped to make any ordinary repairs. They are our 
advance base shops and are used for the general repair 
work in their vieinities. The larger arsenals and the class 
of work which they perform are Rock Island Arsenal for 
artillery, tanks, tractors and small arms; Watertown Ar- 
senal for railway artillery earriages and coast artillery ear- 
riages; Watervliet Arsenal for guns of all ealibers; Spring- 
field for rifles, pistols, machine guns and automatie rifles. 
These latter manufacturing arsenals do not form a part of 
Ordnance Field Service, and so at this point in the scheme 
for maintenance, the work is performed for Field Service 
by the Ordnance Manufacturing Service in its plants. 
of material in store 


which 


The organization for maintenance 
is small and direet. All ordnance establishments at 
ordnance supplies are stored are supervised by and are 
directly responsible to the War Department in Washing- 
ton, and are exempt from the jurisdiction of any loeal eom- 
manders, for disciplinary and _ similar 
Under this scheme the Field Service operates large storage 
depots, not only at its own arsenals but also at some of the 
arsenals belonging to the manufacturing service. Main- 
tenance is accomplished by use of the facilities at the 
various arsenals and depots, and in general by the use of 


except purposes. 


civilian employees rather than enlisted personnel. 


General Overhaul Following the War 
many which the Ordnance Field 
Service must perform which are somewhat out of the usual 


There are functions 
and not included in the scheme as laid down above. An 
unusual example was the work in connection with the re- 
conditioning of material after the war. 

Due to the hard use received by Ordnance material in 
France, to damage incurred in shipment to France and 
back to the United States, to deterioration from storage in 
the open, both in France and in the United States, and due 
also to the eondition under which material was manu- 
factured, packed, and otherwise prepared for shipment, we 
found ourselves after the War with probably 75 per cent 
of our equipment in such condition that it was unfit for 
issue to troops, and that if put in storage it would have 
become entirely worthless within a short time. In order 
to put the material in proper condition for storage and 
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Tvpical Machine Trailer for Heavy Maintenance Company 
issue, the first step was a general overhaul by the base 
shops at Mehun, France, of artillery, small arms, ete., 
shipped back to the United States. Much of this material, 
however, suffered so much in shipment that the operation 
had to be repeated in America. In the case of the rifles it 
was necessary to put into operation many establishments to 
be able to complete this work in time to prevent the loss of 
many of the weapons. Several of the arsenals were em- 
ployed on work which involved a complete reconstruction 
of the rifle. A great many similar establishments were used 
for the lesser operations. Rock Island Arsenal performed 
an enormous work in overhauling artillery material, tanks 
and tractors. A special shop was organized at Camp Meade, 
Marvland, for the rebuilding of tanks, and the establish 
ments at Erie Proving Ground and Savanna Proving 
Ground were used for the overhaul of both artillery and 
tractors. The extent of this work, involving the expendi 


The Office of the Chief of Field Service controls direetly 
all matters connected with its finances, facilities, and mili- 
tary and civilian personnel. The financial operations of 
Field Service are important and their seope quite extend- 
ed and involve the control and expenditure of large sums 
for the necessary overhaul, repair and maintenance of all 
ordnance material both in storage and in the hands of 
troops. Funds appropriated by the Congress for Field 
Service work are allocated directly to the Office of the 
Chief of Field Service and controlled, allotted and expend- 
ed under his direct supervision. To convey some idea of 
the magnitude of Field Service operations, it may be stated 
that during the past fiseal year, the funds controlled, allot- 
ted and expended directly by the Chief of Field Service for 
its activities totaled in round numbers $30,000,000. The 
funds available for Field Service activities during the eur- 
rent fiseal vear, ineluding approved projeets from funds 
heretofore allocated for specifie purposes, total slightly in 
excess of $15,000,000. It is perhaps illuminating and of in- 
terest to mention that the value of present Field Service 
depots is roughly $83,000,000, while the value of stores 
for which Field Service is responsible is nearly two billion 
dollars. 

The duties of the Facilities Seetion, Office Chief of Field 
Service, are generally as follows: 

1. Providing necessary storage space: 


(a) Seeuring funds and authority, making lavouts 
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Ordnance Heavy Maintenance Company in the Field 


ture of many millions of dollars, was equivalent to the 
normal activities of the Maintenance Division over a period 
of several years. 


Trained Personnel Requirements 


Almost all of the work referred to in this article is of a 
special nature for which there is little opportunity to train 
in civil life. The necessity of maintaining in time of peace 
a generous nucleus of trained personnel is obvious. Also 
the desirability of having a considerable reserve of officers 
and enlisted men who may be schooled in this work from 
time to time is apparent. With these to start with in the 
event of an emergency, and by selecting from the draft men 
with suitable qualifications, a well trained maintenance force 
may be developed with fair rapidity; and the fighting 
troops need not suffer for want of serviceable weapons. 


and seeuring eonstruetion of additional storage re- 
quired. 

(b) Disposing of storage become surplus. 

(c) Making recommendation as to permanency of 
storage and policy as far as plant itself is coneerned. 
2. Providing all necessary equipment and facilities for 
the operation of the plant. 


r mainten- 


3. Securing, allocating and allotting funds f< 
ance of plant and facilities. 


(a) Complete responsibility for the portion of the 
appropriation “Repairs of Arsenals’” allocated to 
Field Service. 


4. All matters pertaining to land, that is, leases, pur- 


chases, licenses, ete. 


5. Control over distribution and declaration of surplus 
on plant facilities material. 


To properly perform its various function, Field Service 
requires an absolute minimum at least one-third of the 
entire authorized commissioned personnel of the Ordnance 
Department, while the entire enlisted personnel allocated 
to the Department, except Proving Ground and Training 
Companies, should be organized, trained and controlled by 
Field Service as either Ammunition Companies, Depot 
Companies, or Light and Heavy Maintenance Companies, 
organizations which have been provisionally approved by 
the General Staff. 


































Proposed Form of Standardized Gourrnment War Contract 





Discussion by Manufacturers and Government Officials 


{The publication of Maj. P. A. Galleher’s article on ‘The 


NANCE has opened ¢ 


constructive criticism of his proposals printed below. 


The original article and discussion thereof are being held in type, and will be reprinted in toto as soon as all interested parties have been afforde, 
Further discussion ‘ 
a special committee of the 


opportunity to present their views on this important subject. 
Ultimately, it is intended to place the entire question before 


; Standardization of 
i field of discussion in which members of the Army Ordnance Association are taking great interest. as 


War Contracts,”’ in the November-December number of A Orn 


s evident 


is accordingly invited. 


Association, charged with determining insofar as possibk 


the proper policy to be pursued in ameliorating existing conditions, including such recommendations for legislative enactment as may I» ‘ 


sary to attain this end.—-Ep.] 


A. M. Mattice 


Advisory Engineer, Remington Arms Co., Inc. 


N his very interesting article on “Standardization of 

War Contracts,” in the November-December issue of 

ArMy OrpNANCE, Maj. P. A. Galleher very truly re- 
marked that it was a question which must take into eon- 
sideration the Federal statutes affeeting publie contracts. 
In discussing Major Galleher’s artiele I will assume that in 
preparation for the next war such legislative action will be 
taken as may be necessary to provide for the making of 
workable contracts, equally fair to the Government and to 
the contractor, while at the same time promoting speed and 
efficiency in performance; and always with a view to re- 
storing to normal, at the conclusion of the war, the business 
conditions upon which the prosperity of the eountry de 
Such suggestions as I will make are the result of 
forming and phrasing and 
They are made on my own 


pends. 
several years’ experience in 
working under war contracts. 
responsibility. 

An old definition of what a 
agreement between a party willing to sell and a party will- 


eontraet should be is “an 
ing to buy, conserving the interests of and equitable to 
both.” <A brief examination of almost any Government 
contract will show that it is not equitable to both parties 
in at least one particular: That it provides in effect that 
the Government shall be the judge, jury, prosecuting at- 
torney and court of last resort in all matters pertaining to 
the contract. It requires the contractor to do what he 
would not think of doing in a contract between civilians; 
leave everything to the decision of the other party to the 
It is quite certain that many manufacturers who 
entered into Government contracts during the late war 
would, as the result of experience, refuse to sign similar 
contracts again, but would insist upon more equitable pro- 
visions for settling differences. In Major Galleher’s pro- 
posed form of fixed-price contract he goes even farther 
than usual in making the Government the sole arbiter; pro- 
viding that in a considerable number of important details 
the decision of the Contracting Officer shall be final. A 
footnote, however, explains that these and certain other 
innovations are offered only as a basis for discussion. 

A serious fault in many contracts is caused by the desire 
of the draftsman to make the contract terms as short as 
possible, without going into what appear to him to be un- 
important details. Contracts so made may satisfy every 
requirement of legality, but at the same time be unwork- 
able by reason of the omission of a few explanatory words, 
As an example of this I 
in which Major 


contract. 


and so cause no end of trouble. 
would mention the matter of “Deliveries,” 
Galleher’s proposed draft follows the usual scheme of Gov- 
ernment contracts in providing a schedule of dates and 
quantities for deliveries, but without defining what consti- 


tutes “delivery.” In the ease of articles which are manu- 


factured and then turned over to the Government inspector 
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for inspection and test, there can be but one kind of “de- 
livery” as regards delivery date, viz: “presentation for in- 
spection,” for the reason that thereafter the articles are 
under the sole control of the inspector, and the contractor 
cannot be responsible for elapsed time, although he is re- 
sponsible for shipping the articles after the inspector has 
accepted them, and after shipping instructions have been 
furnished, and ears are available. 

or the above reasons the contract should provide clearly 
for the various steps connected with delivery, viz: delivery 
proper, as regards schedule dates, which is presentation for 
inspection; acceptance by inspector and completion of 
which time payment 
Numerous eases can be 
put to 


packing by contractor, at hecomes 
due; and subsequent shipment. 
cited where the contractor has 
trouble and expense by reason of Government officials in- 


One typical 


been unnecessary 
terpreting “delivery” to mean “shipment.” 
example was that of a quantity of Krag eartridges whieh 
the contractor presented for inspection within the period 
that time 
the Ordnance Inspector was overworked with the inspection 
and test of .30 Caliber Cartridges, Model 1906, which wer 
given precedence, and the Krags put aside to be worked in 
Then after acceptance there was 


which the contract specified for “delivery.” At 


as opportunity offered. 
considerable delay in shipment of the Krag cartridges, due 
to the 1906 eartridges being given precedence as to avail- 
able ears. From payments due the contractor the Govern- 
ment deducted a considerable amount as liquidated damages 
for delay, although the contractor had performed his part 
of the delivery within the alletted time. 

Numerous requests on the part of the same contractor to 
define “delivery” in later contracts produced no result until 
a short time before the Armistice, when Capt. T. S. Schultz 
of the Legal Section, Procurement Division, drafted some 
contracts in which the matters of delivery, acceptance and 
shipment were segregated and clearly detined in a very tew 
words. If the same few words had appeared in earlier con 
tracts they would have saved reams of correspondence and 
the time of Government officials and contractors, which time 
could have been utilized to better advantage otherwise 

1 will now comment on a few specific items in Major 
Galleher’s proposed draft of contract, referring to the items 
by his marginal captions: 

Patents. Contract puts the responsibility of all patents 
on the contractor. Should differentiate between patents the 
use of which is initiated by the contractor and those speci- 
fied or required by the Government. Such differentiation 
was provided for in some of the contracts drafted late 1 
1918. 

Precautions. The contractor should be reimbursed for the 
cost of additional plant protection ordered by the Govern 
ment and not included in the contractor’s estimates. 

Sub-Contracts. This is a big subject and eannot be di 
Should be elaborated to avoid the 


} 
l 


~ 


missed with three lines. 
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endless troubles which have been caused by termination of 
contract. 

Payments. The provision that the Government will pay 
the contractor for the articles “as and when delivered” is a 
pleasant fiction which will be appreciated by contractors 
who have had payments held up for long periods. A pro 
vision that the Government will pay interest on payments 
delaved beyond a certain time, as in commercial trans 
actions, should be added. There might be, on the other 
hand. a provision for a eash discount for payment within 
usual commercial limits, although it is doubtful if the Gov 
ernment would ever make a payment with sufficient 
promptness to take advantage of a eash discount. 

ldjusiment for fluctuations in material costs. Should 
state the point where the purchase price is figured; i. e. 
point of origin, contractor’s works, or elsewhere, as has 
been done in previous contracts. The provision that the 
eontractor shall not purchase materials without the ap 
proval of the Contraeting Officer is impracticable unless 
provision be made for practically instantaneous approval 
or disapproval by a Government representative on the spot. 
Numerous instances ean be cited where under similar clauses 
in cost plus contracts approval ol purchases was delayed 
for weeks and months, and production would have been 
greatly delayed except for the contractor taking the chance 
of purchasing material without waiting for approval. Other 
cost-plus contraets which omitted previous approval, but 
provided that the contractor should not pay higher than 
current market prices, worked out all right. 

{od justment for changes in labor costs. Provides for re 
imbursement only when higher wages are the result of Gov 
ernment settling labor disputes. This is only a small part 
of the necessary increases in wages which are bevond the 
contractor’s control and the extent of which eould not be 
foreseen when making his estimates. For instanee, the 
Government arranges for a large cost-plus eontraet with 
another contractor in the vieinity, which has to be carried 
on at top speed regardless of cost, thereby inereasing the 
local rate of wages. The fixed price eontractor must meet 
that rate or stop production. Such and numerous other 
contingencies beyond the contractor’s control should be pro 
wided for. 

Material and labor costs are by no means the only eosts 
for changes in which provision should be made in order t 
make a fixed-price wartime contract equitable. For in 
stance, the eontractor takes the existing tax rates into econ 
sideration in making his estimates. The Government ean 


easily wipe out his whole profit and more by an inerease it 
taxes. It would be an easy matter to state in the eontraet 
what taxes are ineluded in the estimates, and provide for an 
inerease in price to cover later increases in taxes. 
Termination. This should be treated as one of the most 
Important elauses in a war contract, and should cover many 
details in order to prevent later trouble to Government and 
contractor. There never has been a war which ended on a 
long pre-determined date, and probably never will be. Wars 
either end by a surrender or an armistice, with very little 
preliminary warning. Many contracts will be in full blast 
when the end comes; with quantities of material in process, 
on hand ready tor processing and obligated tor. (Conse 
quently the contraet should provide for termination as 
something is bound to come, and not as a remote possibility 
only. Some of the later war contracts contained fairly 
elaborate termination clauses, based more or less on the one 
contained in Supply Cireular No. 88, but even those elauses 
were far from perfect. If the settlement clauses had been 
more carefully drafted, so that settlements could have been 





made more promptly, money due the contractors could have 
been used to pay the contractors’ debts, and in turn the 
debts of their ereditors, and so on; thus preventing many 
financial hardships which followed the Armistice. 

As an instance of how a few words added to a termina 
tion clause could prevent a lot of trouble, | would cite the 
absenee of provision for partial payments after termina- 
tion. Contractors were left with great stocks of material 
on hand which the termination clauses provided that the 
Government would pay for. The details of settlement for 
the greater part of the material were arrived at without 
mveh difficulty, but there were commitments to sub-eon- 
tractors whieh took a considerable time to settle. arranging 
for salvage, ete. The prime contractors naturally supposed 
that as fast as details were agreed upon they would receive 
pavment, but to their amazement they found that the Gov- 
ernment could not make partial payments on any term) 
nated eontract until the last small item had been adjusted. 
There was, however, one alternative, which was that by 
signing a certain supplemental contract whereby the con 
tractor agreed to forego certain profits provided by the 
termination clause in his main contraet, partial payments 
would be made. I would cite the case of one manutacturer 
who had payments amounting to nearly a million dollars 
due him under the termination clauses in his fixed-price 
contracts, but on aeeount of having to wait until the Gov 
ernment had agreed upon the last small details he did not 
receive a cent until more than fourteen months after the 
Armistice. A dozen or so words added to the termination 
clause could have prevented this injustice. 

Labor disputes. This clause in the proposed form ot con- 
tract is practically the same as appeared in a form for 
fixed-price contracts in 1917, and which, as those familiar 
with labor disputes foresaw, served to unsettle matters as 
much as if an engraved invitation so to do had been distri- 
buted throughout the contractor’s district. Labor had all 
to gain and nothing to lose by asserting large demands 
against a contractor whose contract required him to submit 
all disputes to the Seeretary of War and bound him to 
abide by the latter’s decision, for labor was lett free to 
acquiesce or refuse as it chose. After unfortunate exper! 
ence it was found expedient in the ease of certain manu 
faeturers to make provision therefor otherwise than in the 
contracts themselves. This invitation for trouble was ther 
omitted, but a similar clause was later made mandatory for 
all eontraets by Supply Cireular No. 88. 


f “Chief of Ordnance” and 


Definitions, The definitions ( 
“Contracting Officer” as used in the contract are practically 


the same as the much-abused definitions which appeared nh 
various wartime contracts. Their “duly authorized repre 
sentatives” turned out to be anybody from the office boy up 
in some eases, but in other cases it was difficult to find a 
representative who was “duly authorized” to give the neces- 
sarv attention to any speeifie matter. It would be easy to 
provide individual representatives of the Chiet of Ordnance 
and of the Contracting Officer with printed or written in 
structions defining and limiting their specific duties, au 
thority and responsibility, with copies of the same to the 
contractors with whom they had dealings; and providing 
for such eredentials in the contract. 

[ have mentioned only a few of the many details which if 
included in the late war contracts would have eliminated no 
end of subsequent trouble, and possibly would have enabled 
ore now. A 


the Government to have settled all contracts bel 
full recital of the many items, which if taken care of in 
contracts, would make them much more workable, togethe 


with the reasons therefor, would require much more space 














than would be reasonable for the present discussion; it 
fact, a fairly good-sized book would be needed to do the 
subject justice. I happen to be familiar with a number ot 
cases where drafts of contracts were returned by a eon- 
tractor with suggestions for changes and additions, which 
modifications the Government refused to make on the 
ground that they were minor details which could better be 
left to be worked out later if the necessity arose; but which 
subsequent events proved would have prevented long and 
expensive controversies. 

The necessity of revision of forms of Government con- 
tracts in readiness for the next year, by co-operation be- 
tween manufacturers and Government representatives, is 
stressed in a very able editorial article on page 84 of the 
September-Oc‘ober, 1920, number of ArMy ORDNANCE, in 
which the writer summed up the present attitude of manu- 
facturers in regard to Government contracts as “Never 
again.” He added, however, “maybe?” implying that if 
again called upon the manufacturer would do his bit the 
same as he did in the World War. But why should: the 
Government expect manufacturers to be sufficiently pa- 
triotie to accept one-sided contracts in an emergency? 
Should not a patriotic Government be fairly considerate ot 
its patriotic citizen manufacturers? 

Major Galleher’s article opens the way for a much 
needed getting together of Government and manufacturers, 
to work out at leisure forms of contracts which will proper 
ly safeguard the interests of both parties, instead of agai: 
leaving the matter for a “rush job” after the emergence 
has arisen. The fixed-price contract, however, notwith 
standing the modifications which Major Galleher proposes 
is one which must necessarily be very limited in its appli 
cation in wartime. Notwithstanding the criticisms of the 
cost-plus form of contract which have appeared in some 
quarters, properly sateguarded cost-plus eontracts mus 
necessarily be the means by which the Government wil! 
procure the greater portion of its supplies in the next war, 
or else we will lose the war. 

W. S. Peirce 


Assistant Chief of Ordnance, U.S. A. 


Major Galleher’s article in the last number of Army Orp- 
NANCE on the “Standardization of War Contracts” has di- 
rected attention to a most important subject. How im- 
portant it is becomes evident from even the most easual 
reflection. In time of war the expenditure of Government 
funds enormously increases, and, excepting the salaries of 
Government officials and the pay of the Army and Navy, 
practically all of the huge expenditure is made under con- 
tracts of one form or another. Also nearly every industrial 
organization has to contribute its produet direetly or in- 
directly to the exeeution of war contracts. There is, con- 
sequently, very little business done that is not connected 
with and dependent upon a Government contract. 

The written contract is, therefore, really the Constitution 
under which business will be done in time of war. It defines 
the manner in which the work required by the Government 
is to be performed, the eonditions which the contractor 
must fulfill, and the amount and methods of payment. The 
imporiane2 therefore of having these requirements and 
conditions such that, first, the Government shall obtain the 
needed articles as promptly and as economically as possible, 
and, second, that the contractor in rendering his service 
shall be subjected to no unnecessary hardship, can hardly 
be overestimated. 

In attempting to solve this problem we have nothing 
execpt the experience of the last war to guide us. Ordi- 
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nary peace conditions afford no assistance. Ther time 
then for the contractor to estimate the cost of vork 
desired under conditions of reasonable stability of prices. ; 
opportunity to obtain the labor and materials ne . and 
in short, to handle the performance of a Government ¢o) 
tract in essentially the same way that he does a private eop- 
tract. Also there is generally the element of competition 


and an entire freedom of choice as to whether he wil] 
attempt the work or not. In war there is practically no 
competition and little if any choice. The mere possession 
of an organization, whether accompanied by a plant or not, 
will impose on him the responsibility of undertaking what- 
ever work the Government may allot to him. 

In this connection there is one consideration which T 
think should be aecepted as an underlying principle in the 
attempt to determine the basis upon which the Government 
should do business with an industrial organization in time 
of war. It is that an important element of the compen- 
sation the contractor receives is the opportunity afforded 
by Government business to carry his organization, reason 
ably intact, through a period in which he would not other 
wise be able to employ them, and thus be in a muelh bette 
position to resume his ordinary business when peace re 
turns. He should not look for nor be allowed, in addition 
to that, even his normal peace time profit, much jess 
ereater profit. His work is really a service due from |} 
in the national emergeney, not a business transactio 


which he is free to consider only his own interests 


it therefore we approach the problem of determining 
the best torms ot war contracts upon the basis of the two 
following principles I believe that the question will be 
much more eclearly defined and the solution easier hese 


principles are 

lst. The work to be performed is a service rendered by 
the contractor for which his compensation shall no elude 
the usual amount of profit. 

2d. In the performance of his contraet the contractor 
shall be subjected to the least amount of ineonvenience 
possible. 

In the paragraph above I spoke of the “best forms” of 
contracts, because it seems evident that there must be 
more than one form of contract to fit the great variety ot 
condifions. The forms that readily suggest themselves are 
the fixed price contract, some variety of the cost plus form, 
and the agency contract. For each of these general elasses 
it should be possible to evolve one standard form whieh 
would serve the great majority of eases. Probably there 
will always oecur instances in which special contracts would 
be necessary. 

There are many points that must be suitably covered in 
a satisfactory form of written contract. A number ot 
these were described in Major Galleher’s article mentioned 
above. There are several, however, which I think deserve 
special consideration and study in the light either of their 
omission or their unsatisfactory statement in the contracts 
that were negotiated during the war. Among these there 
are two which seem to me to be of outstanding importance. 
These are: 

(a) The terms and conditions of payment; 

(b) The conditions of termination before completion 

With regard to the importance of the first 1 think no 
argument is needed to convince any of the war contract 
The terms should be such that, while properly safe-guard- 


ors. 


ing the Government, the contractor should be saved from 
the worry and expense of financing the work by his own 
efforts, in excess of his working capital. I have a very 
vivid reeolleetion of the great number of cases, particularly 
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in the first cight months of the war, in which contractors 
having exhausted not only their working capital but thei 
banking eredit, did not know from what source they could 
meet their next pay roll. Sometimes money was properly 
due them under their contracts, but the machinery of pay 


ment was too slow; in other cases they had not vet reached 


the stage 
as their contracts were written. 


of production which entitled them to payments 


It must, out of our war experience and ordinary business 
knowledge, be possible to devise a method of payment 
which will prevent such conditions. 

With regard to the termination clauses used during the 
war we have now a wide actual experience as to their oper- 
ation which should enable us to improve them greatly. It 
seems to have been rather vaguely recognized that an 
abrupt and complete termination of a contraet would pro 
duce an unjust industrial situation. What the effect of a 
country-wide termination would be was hardly visualized 
by any one. In the individual contract it was apparently 
sought to mitigate the effect of termination by allowing 
generally the contractor to complete the articles actually 
in progress. The opportunity thus to continue work on 
supposedly decreasing scale for thirty days or so was the 
only protection afforded the contractor's employees. The 
result was that after the armistice there was, in almost all 
eases, a continuation of production of things no longer 


needed and a delay in getting back to peacetime worl 


There was in the vast majority ot eases no economv 
completing articles which had no salable value except 
junk and of which the supply already on hand exceeded a 
requirements of a reserve stock. Material badly need 
for peace uses was consumed and the cost of that materia 
added to the war debt. 

I believe that the termination clause should authorize a 
absolute cessation of work upon the termination of the wan 
need. The contractor ean, and should, be protected in that 
event by reimbursing him for his firm committments and 
expenses. It is necessary, however, to go further and give 
an equitable protection to his workmen, as otherwise the 
sudden throwing out of work of hundreds of thousands of 
men and women all over the country would precipitate a 
serious industrial erisis. Conditions will, of course, vary 
for different contractors, depending upon the character ot 
the product they are making, as to the quickness with which 
they can turn from war work to peace work. Generally 
speaking, those who are furnishing materials such as pig 
iron, steel in bars or other forms similar to those used for 
industrial purposes, castings, ete., should be able, with 
negligible delay, to switch to peace work. Those who aré 
engaged upon the manufacture of essentially war articles 
will require a longer interval. It is suggested, therefore 
that the termination clause in each contract should allow 
to each employee pay at the rate earned the last week of 
employment for such number of weeks, not exceeding six, 
as may be deemed necessary for the character of work in 
volved by the contract. The adoption of this method would 
require the classification of the different kinds of work and 
the assignment to each of a proper compensation interval 
so that uniform treatment would be given in each class. 
There will probably be a difference of opinion as to whether 
the maximum period of six weeks is more or less than is 
heesssary, but the principle of the suggestion is that the 
war work should cease at once and both employers an¢ 
employees be given a fair interval to adjust themselves to 
peace time industry. I am uneertain whether the present 
contracting powers of an executive officer are broad enough 
to cover the proposed compensation of workmen or not. It 
not, then, of course, suitable legislation must be sought. 
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There are several other points which the experience 
gained in settling claims under war contracts indicates 
should be covered in the future. <A standard system of 
eost accounting should be established and every contract 
should inelude a requirement that the contractor’s accounts 
relating to his government work should be kept in accord- 
ance therewith. Such a requirement would tremendously 
simplify both payments under the contract and the settle- 
ment of claims arising from it. There should also, I be- 
lieve, be a requirement under which the prime contractor 
must either include in his sub-contraets the same limitations 
as regards profit and termination as are in the prime con 
traet, or else agree to limit the Government’s obligation to 
him on account of sub-contracts to the amounts that could 
be allowed him in similar ease under the prime contract. 

The necessity and justice of this last requirement be 
comes evident from faets which developed during the set 
tlement of claims after the war. While prime contractors 
were not allowed anticipated prohts in their settlements, it 
was found that under the laws of many states sub-contrac- 
tors could elaim such profits from the prime contractor 
and therefore were legally entitled to a more advantageous 
settlement than the prime eontractor. 

These observations and suggestions are very general in 
their nature and are offered chiefly for the purpose ol 


bringing the points before the members of the Association 


or consideration and discussion. The greater the number 
who become interested in this problem the better the final 

lution ought to be. It is a work in which many members 
ot the Army Ordnance Association must be vitally con 
eerned and 11 which their view points and their assistance 
re, believe, indispensable. Discussion in the pages of 


this magazine can pre pare i¢ wav to eérvystaihze opinion 


to a considerable extent. But there will then remain the 
ob of embodying the points agreed upon in writte: 
and that. can not be done here. I therefore strongly urg 
the appointment of a committee of the Association to under- 
take this work while the recollection of war experience 1s 
yet vivid. I am sure the Chief of Ordnance would be 
pleased to assign one or more qualified Ordnance officers to 


co-operate with such a committee. 

The opportunity for a great work is here. If it is not 
embraced I think that future contractors will have little 
ground upon which to eriticize the conditions of their con- 
tracts, for they will have had their day in court. 


Robert P. Lamont 
President, American Steel Foundries 

In the main I think the proposed form of Standardized 
Government War Contract is very good. It takes eare of 
most of the difficulties we found in making contracts dur 
ing the strenuous war period. I shall, however, comment 
on a few points. 

Clause 1 (a). One of the great difficulties I found in 
looking over contracts prepared by our negotiators was a 
failure to describe properly the article. In many eases the 
description was so vague that it could mean one of several 
things radically different in cost and construction—easily 
leading to serious diffieulties in the settlement of the con 
tract. Whether or not a line to the effect that the deserip- 
tion should be so complete as to leave no’ possible doubt as 
to what was intended would be of any help I do not know. 
Possibly it ean only be covered by carefui supervision by 
higher officers having this point in mind. 

Clause 1 (d) which provides that the Contractor will 
save the United States harmless from all demands on ae- 
count of the adoption of any design or for the use of any 
patented invention, is a rather sweeping agreement, and 
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while, generally speaking, it is perhaps unobjectionable, 
there may be cases in which contractors would insist upon 
riders modifying this clause; for instance, in the ease of a 
complicated machine where all of the drawings and details 
were furnished by the government, the contractor might 
not know and might not be able to determine, except by a 
very lengthy search, whether or not any patents were in- 
volved. 

Clause 1 (hk), which provides that the Contractor will 
give work under this contract priority over any other work 
except work heretofore given priority by the United States, 
no doubt intends to provide that the work is to be given 
preference over everything except other government work, 
in which ease it would probably be better to say, “heretofore 
or hereafter given preference or priority by the United 
States.” 

Clause 2 (a-2). This provides that the “contractor shall 
not purchase any of the articles listed without the approval 
of the contracting officers.” In war times unless prices are 
controlled they are apt to fluetuate very rapidly from day to 
day, and if there is any delay on the part of the government 
and the eontracting officer in approving the purchases there 
may be a big difference between the price mentioned and 
the price that could be obtained after approval had been re- 
ceived. This delay might also affect the time in which the 
contract eould be completed. Probably the latter con- 
tingeney is intended to be covered by the general provision 
in Clause 2 (a-6), which provides that the contractor shall 
not be considered in default if delays are due to causes be- 
yond his control; if not, it should be provided for. 

Clause 3 (b) which provides that the Contractor shall, in 
the event that labor disputes arise affecting the perform- 
ance of his contract, immediately address a written state- 
ment thereof to the Chief of Ordnance for transmission 
to the Seeretary of War with the request that such labor 
disputes be settled, and shall accept and comply with the 
terms of any settlement which the Secretary of War may 
direct, may be objected to by some contractors for the 
reason that if the government work, for instance, is being 
carried on in one department only of his plant, such a 
settlement of labor difficulties might involve his entire 
plant, and again it might involve the whole basie arrange- 
ment between himself and his employees; that is to say, 
it might convert his plant from what is called an “Open 
Shop” to a “Closed Shop,” and the consequences might 
be very serious. During the War there were a good 
many circumstances which led to the belief that the labor 
unions took advantage of the situation to unionize plants, 
although it was distinctly understood and agreed upon in 
advance, I believe, that neither “capital” nor “labor” should 
take advantage of the War to change the status quo ex- 
isting prior to the time of our entering into it. 


R. D. Coombs 


President, R. D. Coombs & Co. 


It would seem, as yet, uncertain whether or not a single 
form of contract would be proper for the activities of the 
different War Department sub-divisions. However, the 
writer believes that more uniformity can be obtained than 
might at first seem practicable. Further the writer would 
urge an open agreement on the general principles on which 
all such war work should be based, as being essential to the 
compilation of the ideal form of contract. 

The first principle might be termed that of the most 
arbitrary authority compatible with reasonable justice. 

In the first place it should be accepted that waging war 
necessarily involves an amount of arbitrary or autocratic 
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authority. War is not the aeme of polite business anq 
may not involve undue consideration for the desires oy 
interests of individuais. It is assumed that the country 
has for good reason delegated large authority to its war. 
making agencies, specifically to its officers of Army and 
Navy, therefore it is the duty of such agents of the Goy. 
ernment to demand and obtain the maximum assistance to 
the Government obtainable with substantial justice to the 
individual citizen. 

Reduced to its erudest terms, this prineiple would justify 
a competent officer seizing material or property, giving a 
receipt therefor, referring the former owner to a competent 
Claims Board. and dismissing the matter from further dis 
eussion. With the omission of the receipt and the Claims 
Board, the above is just about what happened in hundreds 
of wars since the dawn of history. If the ancient plan 
usually robbed the individual. the latest plan in vogue just 
as certainly robbed the state. Again it is pure nonsense 
to grant apparent authority to an officer while withholding 
the authority universally given similar position in the work 
of business. 

The second principle is that of equal or at least universal 
obligation to the state. 

It is believed that this theory is somewhat generally ae- 
cepted, but with a very hazy understanding of what it 
logically involves. The citizens of the State may, during a 
war period, be roughly divided into the following classes: 
The military forees—the members 
been selected by the other citizens to serve in combat and 


(a) thereof having 
at a more or less fixed and more or less inferior rate of 
wage. 
/b) The eontractors doing direct Government war work. 
(c) Those citizens doing necessary but indirect war work. 
(d) 
work. 


Those citizens doing non-essential or unnecessary 

(e) Those doing no work. 

With the exception of class (a) it is charged that as a 
class none of the other elasses did their proper share of the 
State’s work in the recent emergency. There were many 
shining exceptions, of course, and no general condemnation 
of government contractors is intended. If some contractors 
took great risks and in ultimate facet donated moneys and 
services to the State, there were others who made unreason- 
able profits. The point is that neither event should have 
been possible. 

The ideal condition would 


working for no loss but for little or no profit, class (d) 


involve classes (b) and (ce) 
taking the usual risks as to profit but restricted as to possi- 
ble profit, with the alternative of entering war work, and 
the elimination of class (e). 

Therefore referring to contractors on governmental war 
work it is believed that the State should protect such citi- 
zens from an unequal contribution to the State through 
losses and on the other hand prohibit their aequirement ot 
an unequal reward. 

It is doubtful whether 
with war contracts would be unable to specify instanees 0! 
unfair contracts, that is unfair either to the State or to the 
contractor. When contractors were, in effect, financed by 
the State it is difficult to justify the payment by the State 
of great rewards under such contracts. In actual practiee 
this class of contract is presumably necessary, but in effect 


any officer recently in contact 


the individuals in executive charge are believed usually to 
than customary reward as salary 
The business 


have received a more 
whatever the profits of the contract as such. 
risk, it will be noted, was borne by the State. ; 

Despite the hue-and-cry over cost-plus contracts there 1s 
adduced in their favor during a war 


very much to be 
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period "} hief eause of their objectionable results was 
improper management and a false though general assump 
tion as the proper rate of reward. 


The inse1 


mum pron ‘ 
practice was of service to the State. From the standpoint 


mn of an “upset profit” as limiting the maxi 
unquestionably equitable and in some recent 


of the Contractor a carefully drawn cost-plus contract re 
sults in the “profit” being net-profit except as to salaries 
of some general officers. Therefore with unusually large 
expenditures in unusually restricted periods of time the 
result under some of the recent standard schedules of profit 
was a large net profit per year—in other words, an unfair 
reward to particular citizens. 

It was not true that all cost-plus contracts were extrava 
gant in performance on the part of the contractor. Where 
adequate supervision was exercised with more or less arbi 
trary authority, on the part of the Contracting Officers, 
the results were fairly comparable with non-war perform 
ance save only as to the labor question—a matter then be- 
yond the control of either the Contractor or the Contract 
ing Officer. 

Referring now to some of the details of a contract form, 
the writer believes that it is entirely unreasonable and im 
proper to require or expect the Contractor to provide pro 
tection to the War Department against espionage, or acts 
of war of any nature. That is not the Contractor’s busi 
ness while it is the Department’s business. Further, the 
Contractor cannot efficiently perform such work, his em 
ployees have no legal standing or military reputation to 
support them. Some recent experience showed civilian 
guards to be worse than worthless because they occupied 
the place of enlisted men who would have been efficient. It 
is always stupid to lose the advantage of publie sentimental 
support, and such support was given the uniform and re 
fused “imitation soldiers.” 

If it is desired that the Contractor and the Contracting 
Officer are to work under a sort of partnership arrange 
ment as to prevention of loss to the Contractor it would 
seem that the itemized analysis or complete cost estimate 
should be submitted with the quotation and attached to 
the contraet. 

Any provision for an inerease in price consequent 
greater-than-estimated prices for sub-contracts would re 
quire considerable supervision over such sub-contracts. 
Otherwise a premium is placed on low estimating and high 
performance. 

The inclusion of clauses relating to claims for delays is 
a difficult matter, such clauses look well but usually mean 
little or at least effect but little. “Causes beyond control” 
cover a multitude of omissions and commissions and ar 
rarely susceptible of proof. What is desired is perform 
ance, and lacking adequate performance by the contractor 
in question the eure is an ouster of the contractor, not a 
claim for damages. 

Existing laws may deny the employment of convicts, ete., 
on war work, but the fundamental law of their duty to the 
State would indicate the entire propriety, under proper 
safeguards, of the State requiring their service. The com 
pulsory commission of another fault against the State has 
no connection with punishment for the original fault. 

The agency form of contract, while perhaps some pro- 
tection to the contractor and to third parties furnishing 
goods on unapproved orders, does not have great merit 
from the standpoint of the State. The credit for purchases 
is the credit of the State and this credit should be made 
equally effective under the ordinary form of contract. 

It is most desirable that some safe and readily applied 
method be developed for the so-called “advance payments.” 


Further discussion of this subject will appear 


One of the most troublesome features of many war put 
chases was the difficulty in making partial payments, pay- 
ments in advance of receipt at some distant point, and true 
advance payments. In _ practice the Contractor frequently 
does not possess sufficient funds to earry the job, while the 
Government “has the money” but gains no advantage by 
holding it. 
purchase properly it would appear that he should also be 


If the Contracting Officer can be trusted to 


trusted to make partial advances properly. The need for 
an efficient method of handling this question would be 
greatly increased under circumstances involving widespread 
development of the latent facilities of the small con- 
tractor. 

Under either a cost-plus manufacturing contract or one 
in which allowances are made the Contractor for variations 
in sub-contract prices the situation is the same as though 
the contract were a cost-plus construction contract, i. ¢., the 
Contracting Officer should approve sub-contract purchase 
orders. Provision for this procedure should be a part of 
the main contract. 

It is suggested that consideration be given to the inclu 
sion of a clause looking toward the ealling into military 
service of the Contractors’ employees as such. 

One form of contract used daily in commercial business 
consists in a letter quotation with or without reference to 
blue prints, and a subsequent letter size (or even less) 
purchase order. It is understood there is good legal au 
thority for the belief that the simplest contract is about the 
best contract. Certainly the simple forms of contract have 
the great merit of general understanding and prompt ac 
ceptance. There is a more or less general practice of 
printing an “aeceptance” at the bottom of a purchase 
order, which coupled with duplicate issue and any desired 
authorizing clauses or titles would seem to approach the 
requirement of signature by both parties thereto. 

It has been urged that the co-operation or mobilization 
of smali contractor’s facilities is a most desirable feature 
of any systematic Reserve plan. Such co-operation would 


v immeasurably facilitated by a form of contract and 
other practices less ecaleulated to scare off the little fellow 
than many former, not to say present, governmental prac 
tices. Thus any reputable business concern can issue a 
letter inquiry to a dozen small contractors with reasonable 
certainty of receiving quotations from most of them and 
with equal certainty that the issuance of a purchase order 
will end the “negotiations” and start the work. Apart from 
the simplicity and common usage of this custom such in 
quiries and orders do not usually depart materially, as to 
specifications, from recognized first-class practice in the 
given trade. In other words, the contractor knows from a 
very short description, with or without a blue-print, just 
what the purchaser can expect and insist upon receiving. 
How, otherwise, may it be with a government inquiry? 
Right or wrong, the little neweomer for government custom 
looks askance at a formidable contract involving his heirs 
and hopes of a hereafter, requiring or hinting at unusual 
or unreasonable specifications, and finally recalls the com 
mon belief that governmental paymasters never heard of 
“____. days net.” 

Advertising for bids, while reasonable and proper in 
certain classes of work, is impracticable, unnecessary, and 
defeats its purpose in certain other classes of work. For 
example, the advertisement of bids for various machines, if 
published in a thousand papers, would not receive more 
replies than about three letters would receive. On _ the 
other hand, a dozen letters of inquiry to the small contrac 
tors would frequently reach more of them than rather ex 
tended advertisement, and be much more likely of reply 
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{As Colonel Stuart, ¢ hief of Ammunition Supply 
in the supply of this vital material 
and Ordnance 


maximum efficiency 
Ordnance 


Insure 
be manned by 
dumps.” 


The logic 


tr oops, 
which he 


will compel it in the next war.” 


The general term “Ammunition Supply” as used in this 
article, includes primarily the handling and maintenance of 
ammunition, from acceptance at factory or loading plant 
to delivery to consuming combatant units. 
however, the storage of components before loading, where 


necessary, and the salvage 
at the front of ammunition 
left by advancing troops 
and captured from the ene- 
As compared with the 


my. 
insignificant quantities on 
hand before the war, the 


huge stocks now available 
and the enormous require- 
ments of a modern army in 
action give us an entirely 
new conception of the am- 
munition supply problem. 
In order that the nature of 
the material may be kept in 
mind in the diseussion which 
follows, it will be well to 
set forth at this point the 
essential characterigtics of 
ammunition which affect its 
supply. These characteris- 


tics may be stated as fol- 
lows: 

(a) Hazardous nature, 
requiring special care in 


handling and in storage. 


served by the personnel and great care must be taken to 
minimize the effect of an explosion by segregation and spe- 
cial construction of permanent magazines, and, in the ease 
of dumps, by limiting amounts in piles, construction of 
earth traverses, grouping of types, ete. 
dump is an especially inviting target for hostile artillery, 
due to the importance of the material and the fact that * 
much of the ammunition will detonate en masse if struck 


by a high explosive shell. 


(b) Extreme ‘mportance of uninterrupted supplv. 
only does the success of an operation depend directly upon 
the ammunition supply, but in ease such supply fails during 
the operation the result is evidenced at once by an enormous 


increase in casualties. 


(ec) Vast quantities required. 


St. Mihiel drive the amount of ammunition to be handled 
in the dumps of the Toul Sector alone was nearly 10,000 
tons per day. 


uses to maintain his contention 
to organize all Ordnance troops serving with combat units into Ordnance Battalions 
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Rigid precautions must be ob- 





For example; during the 
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Weight; 
Caliber radius head; 


“g. Rotating band.” 


Ammunition Trains for the 


would 
bluntly 


of projectiles, fuzes, powder charges, ete. 
trated in the “Regulations for Care and Preservation of 
Ammunition in the Army Area” issued by the First Army, 
F., in which the sorting regulations prescribe that 
unfixed shell, for example, should be sorted by 
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(d) Mistakes in ammunition supply may have extremely 
serious consequences. The amount of ammunition is usually 
so limited that in any operation careful allocation to the 
different units in accordance with the plan of operations is 
necessary. A mistake in the supply may result in delivery 


of the ammunition 
at eritical which 
might, in turn, result in the 
failure of the whole opera- 


wrong 
pe ints, 


tion. To quote from the 
report of the officer in di- 
rect charge of ammunition 


dumps of the First Army, 


A. E. F.: “There ean be no 
mistake in the issuing of 
orders for ammunition in 
any park (dump). This 


rule is definite and any mis- 
take of any kind, whether 
it is detected before any 
damage is done or not, is 
followed by the instant re- 
noval of the officer who is 
responsible. I repeat again, 
There can be no mistake in 


the receipt and issue of 
orders for ammunition. It 
is fatal.” 


(e) due to 
large numbers and varieties 


This is well illus- 


Complexity, 


“qa. Caliber (ineluding gun or howitzer when necessary) ; 
Nature (H. E., shrapnel, chemical, ete.) ; 
ce. Filling (kind of H. E., type of shrapnel, nature of 


Class (steel, semi-steel, east iron) ; 


(f{) Necessity for keeping lots of ammunition separate, 


not only for accuracy of fire but so that ammunition which 


can be segregated. 
(g) Special nature. 


has become unreliable or dangerous through deterioration 


It is possible to reeruit from civil 


life in time of war men familiar with clothing, subsistence, 
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telephones, locomotives, and all other material which has a 
eommereial use. For such articles as shell, fuzes, hand 
erenades, ete., there is no civilian occupation from which 
aii exp rieneed therein ean be obtained. 

Because of these characteristics, the supply of ammuni- 
tion is a problem by itself. During the war, not only in 
our own service, but also in the French and British armies, 
ammunition was consistently kept entirely separate from all 
other material. 

When, in January, 1919, the office of the Chief of Ord- 
nance was reorganized, in order to take advantage of the 
experience gained during the war, the Ammunition Supply 
Division was ereated with the following functions: 


Establishes, organizes, operates, inspects, maintains all 
ammunition depots and their facilities. 

Direets the distribution and supervises the receipt, 
storage and issue of ammunition. 

Is responsible for the maintenance of ammunition. 

Organizes, trains and controls Ordnance officers and 
troops for technical ammunition service. 

Establishes and maintains such salvage service as is 
necessary and consistent with regulations. 


The activities for which the Division is responsible may be 


‘ 


eonsidered under three 





general headings, viz: Stor- 
age, maintenance and sup 
ply proper. A discussion 
of these activities in time 
of war will first be taken 
up, after which the peace 
time work will be deserib- 
ed. 
AMMUNITION SUPPLY 
IN TIME OF WAR 
The supply of ammuni- 
tion in time of war may 
be better understood by 
eonsidering if in three 
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completed, to a reserve ammunition depot. This depot is 
a large storage establishment, fully equipped to handle 
large volumes of all kinds of ammunition, and at which, on 
the outbreak of war, a certain definite proportion of the 
total war reserve is in storage. Each reserve depot is 
manned by Ordnance Ammunition Companies, which fur- 
nish personnel, not only for receiving, storing, maintaining 
and shipping ammunition, but for guarding and fire pro- 
tection. 

The Ordnance Ammunition Company, war strength, con- 
sists of six officers and one hundred and sixty-four enlisted 
men of appropriate grades, organized into one headquarters 
detachment and four platoons, the platoons being alike. The 
strength required for any given depot, in addition to certain 
“overhead” personnel, is made up by the assignment of a 
sufficient number of companies or platoons. The Ordnance 
Ammunition Company is a basie organization and is the 
same whether assigned to reserve, base, intermediate, ad- 
vanee, or army depots, this interchangeability being of 
obvious advantage. In an emergency these companies will 
be supplemented by civilians. More detailed information 
covering these depots will be given later. 

Each reserve depot furnishes “reviews” under the Ord- 
nance Provision System, described elsewhere in this issue, 
and it is upon these re- 
views that orders for the 
re-stocking from new pro- 
duction are based, the 
stocks at each depot being 
determined in accordance 
with general instructions 
furnished by the General 
Staff as to the plan of op- 
erations. 


Communications Zone 


Based on demands from 
the Chief Ordnance Officer 
of the forces in a theater 





of operations, ammunition 
is shipped in large lots on 





phases; in the zone of the 
interior, in the communi 
cations zone or “S.O.S.,” 
as it was ealled in France,:and in the combat zone, which 
corresponds to what was known in the A. E. F. as the 
“Army Areas.” There is little question but that in a future 
war ammunition supply would funetion as in the past from 
factory to delive ry to the armies. However, even the First 
Army, A. E. F., 


experience in active operations than either the Seeond or 


which had a longer existence and greater 


Third Armies, did not operate as a unit until the St. Mihiel 
offensive commencing September 16, 1918, and its ammu 
nition serviee was never completely divorced from the 
French, from whom most of the ammunition was obtained 
From the varying reports received, it is obvious that the 
ammunition service of the First Army did not operate long 
enough to develop a stable plan of supply. Fig. 1 is be 
lieved to represent what might be termed the normal flow 
of ammunition as it existed toward the close of hostilities 
and probably approximates what will happen in the next 


war 


Zone of the Interior 


Each loading or assembling plant furnishes progress re- 
ports riving data as to present and expected future de- 
liveries of completed ammunition. Based on these reports 
shipping orders are issued by the Ammunition Supply Di- 
vision covering the shipment of the ammunition, when 


ry magazine used in base depot 


transfer orders issued by 
the Ammunition Supply 
Division from the reserve depots to the base depot. 
This is a large ammunition depot, usually smaller than a 
reserve depot and essentially temporary in character Mag- 
azines ordinarily of galvanized iron (Fig. 2) are provided 
so that ammunition ean be kept under cover. Railroad 
spurs, however, are constructed so that all magazines ean 
be filled and emptied directly from cars. The base depot 
Is manned by Ordnance Ammunition Companies entirely 
if in hostile territory, and possibly suppleme nted by civilian 
labor if in friendly territory. The Engineers are charged 
with the construction of the base depot and all other am- 
munition depots and dumps in the theater of operations. 


No attempt is made at camouflage since the base depot is 


almost invariably far enough from the front to render eon- 
cealment unnecessary. 

[f the line of communications is short, shipments of am- 
munition are made directly from base depot to advance 
depots on transfer orders issued by the office of the Chief 
Ordnance Officer. These transfer orders are based on de- 
mands made on the Chief Ordnance Officer by the advance 
depots. The stocks are so adjusted that a sufficient and 
regular flow to the armies may be maintained. In France 
endeavor was made to carry thirty days’ supply in the base 
depot and fifteen days’ in the advance depot. The latter is 
similar in general lay-out, types of magazines, rail facili- 











a 


ties, ete., to the base depot. An advance depot not pro- 
vided with magazines is shown in Fig. 3. Personnel for 
manning advance depots would consist of Ordnance Am- 
munition Companies. 

Should the line of communications be long, as in Franee, 
it would be necessary to interpose an intermediate depot 
between the base and the advance depots in order to absorb 
fluctuations in the rate of shipment. The intermediate 
depot, however, would be of the same character as regards 
personnel, construction and lay-out as the advance depot 
and its stocks would be regulated and controlled in the same 
way. The operation of the Ordnance Provision System 
extends only to the advance depot. 

Combat Zone 

Between the advance depot and the army is placed the 
Regulating Officer, who is under G4, G. H. Q., and who has 
the very important fune- 


ARMY ORDNANCE 


the eorps for ammunition in the army depots, as was ex- 
plained in the ease of the army, and the ammunition is 
transported to the corps and army artillery dumps by truck 
trains, narrow gauge railway, or both. If the army has 
sufficient motor transportation, it is used for this purpose, 
Otherwise the burden of forwarding the ammunition which 
cannot be handled by narrow gauge falls on the corps am- 
munition train. Responsibility for the ammunition supply 
in the corps rests on the Corps Munitions Officer, who, dur- 
ing the war, was on the staff of the Corps Artillery Com- 
mander. 

Corps dumps are smaller and less elaborate than army 
depots and contain fewer types of ammunition. The shell] 
may be simply piled in the open and covered with paulins, 
but fuzes and powder should always be given better cover. 
Since the corps dumps are usually well within range of 
enemy artillery, all movement of ammunition must be 

carried out at night and 





tion of seeing that no 
supplies enter the combat 
zone faster than they can 
be handled, thus prevent- 
ing congestion. Through 
the hands of the Regula- 
ting Officer must pass all 
demands for supplies, and 
no supplies can be forward- 
ed from the ecommunica- 
tions zone until cleared by 
him. 

Shipments are made to 
the next link in the chain, 
the army ammunition de- 


pot, from the advance de- Fig. 3. General view of advance ammunition depot not provided with maga 
zines ] _ 
OWS: 


pot under a different sys- 
tem. In the combat zone the unit of ammunition is the “day 
of fire,” which represents what each gun would consume dur- 
ing one day in vigorous action and is at present fixed as 


shown below for the smaller guns and howitzers: 


ae 300 rounds 
____150 rounds 
__100 rounds 


______100 rounds 


Saas 
156-cam. howiteer...........-...- 
TPT GK. 6 cecinsiccen nex 

8-in. howitzer__._~--- ces 


75-mm. anti-aircraft ae 30 rounds 


2 


G4, G.H.Q., determines the allowance of ammunition in 
days of fire for all guns in the army for a given period of 
time and gives the army a eredit for this ammunition in 
the advance depot. Once this credit is granted the ammu- 
nition is considered as belonging to the army and is held 
subject to the order of G4 Army. Shipments are made 
usually on telegraphic order of G4 to the army ammunition 
depots (Fig. 4), which are similar in character to the ad- 
vance depot, though smaller and are ordinarily at the broad 
gauge railhead. The army depots are manned by Ordnance 
Ammunition Companies and are operated under the direc- 
tion of the Army Ordnance Officer. These depots normally 
contain every kind of ammunition except that for railway 
artillery of large caliber, which operates directly under 
G.H.Q. They supply the army artillery (not shown in 
Fig. 1) and the corps in aecordance with allowances de- 
termined by the Chief of Artillery of the Army, which are 
based on the plan of operations. Credits are granted to 








the dumps carefully camou- 
flaged. To faeilitate is- 
sues, incoming ammunition 
must be sorted and dif- 
ferent calibers, types, ete., 


a ', piled separately. Piles of 


CHA, ot | shell must be separated 


by traverses of earth or 
sand and must contain 
limited quantities. The 
maximum amount of am- 
munition which could be 
placed in one pile was 





preseribed in regulations 
issued in Franee, as fol- 


Type and ealiber Number per pile 


37-mm. 10,000 
75-mm. 6,000 
4.7.-in. shell 2,000 
155-mm. 1,000 
8-in. 500 
9,2-in. 100 
10-in. 250 
12-in. 150 
14-in. 100 
Powder charges, tons per magazine 20 
Fuzes, per hut 10,000 
Small arms 50,000 


The corps dumps are manned by personnel from the 
corps ammunition train, which is composed of artillery 
troops. From the corps dumps the ammunition is supplied 
to the corps artillery (not shown on chart) and, in turn, to 
the division dumps, regimental dumps and battery positions, 
or infantry battalion dumps. In theory, each unit should 
forward ammunition to the next smaller units in front, but 
in practice, unless transportation is sufficient, this will not 
be practicable and it will be necessary for the division, for 
example, to go back to the corps dumps for its allowances. 
As we approach the front the dumps of each succeeding 
lesser unit become smaller and contain fewer types of am- 
munition, while the necessity for concealment and careful 
traversing increases. A regimental dump is shown in Fig. 
5. This dump, while not camouflaged, was protected from 
observation and fire by a hill and was used as a re-filling 
point. 
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Fundamentally, accumulations of ammunition such as prising figures due to the lack of close control which re- 
| advance depots, army depots, corps and division dumps, sulted from untrained personnel, especially during the 
ete., serve the following purposes: early fall of 1918. The salvaging of this ammunition 1s 


most desirable, since it can usually be re-issued and re- 


(a) Absorb fluetuations in the rate of flow so that a : é ; : ate 
lieves the strain on the lines of communication to a 


constant and sufficient supply is available to the using 
. corresponding extent. 
t; sn . , sas 
saa > . (b) The stocks in captured ammunition dumps may be 
(b) Reduce the length of haul for truck trains so that a — : 
utilized by our troops in an emergency if the correspond- 
trains may be better controlled; . 
(c) Permit the breaking up of bulk shipments, which 


are necessary in the back areas for volume, into ship- 


ing enemy guns have also been taken, or if it can be 
modified to fit our guns. In any event it may be neces- 


:; : re sary to carefully examine shell piles to detect chemical 
ments of complete rounds, in which form the ammunition ‘ > 


or other fuzes, such as used by the Germans, designed to 
must arrive at the battery. 


blow up the dumps after a given time. 


The best solution for any given situation is the minimum (c) Unexploded shells may be in such condition that 
number of dumps or depots which will serve these purposes only a very slight shock is necessary to cause detonation. 


without congestion. Every battlefield is more or less strewn with these “duds,” 


It-should be thoroughly understood that the above rep- which must be earefully destroyed. A number of lives 





























Fig, 4. An army depot well concealed Fig. 5. Regimental dump ready to fill caissons 

resents only the normal conditions and must be modified were lost in France in this work, which was at first per- 
wherever cireumstanees require. In the Zone of the In formed by untrained personnel. 

terior one of the reserve depots itself might become a base (d) An unserupulous enemy may leave behind devices 
ammunition depot or even an advance depot, depending designed to kill or disable our troops, such as foot gre- 
upon the loeation of the theater of operations. In the nades—which detonate when stepped upon, and bombs 
combat zone it may be advisable and feasible to ship direct and mines in various disguises, the removal and destrue- 
from corps dumps to battery positions, or from army depots tion of which is necessary. 


to division dumps. Then again, it may be necessary for the For all of these purposes personnel trained in ammunition 
army to establish advanee depots containing only one or is obvieusly required, and during the closing months of the 
two kinds of ammunition in order to avoid congestion and war it was to the Ordnance Department that the troops 


to simplify supply. In general, so far as possible, the looked more and more for the proper handling of this work. 
scheme of supply s » sO arrange at : Lition - ; = - : 
cheme of supply should be so arranged that ammunitior AMMUNITION SUPPLY IN TIME OF PEACE 


moves straight to the front and all cross-hauling is avoided. ; ee : 
An excellent description of the method used in the A. E. F. in time of war the distribution or movement of ammuni- 
for supplying ammunition within the combat zone will be 
tound in the July number of the Journal of the United 


tion to the using unit is of primary importance. New 
storage facilities required are temporary and simple in 


: . . . sharacter i , “ar sasures ed be take 
States Artillery, in which appeared an article entitled “Am- character and only temporary measures need be taken for 


munition Service in the A. E. F.,” by Col. P. H. Wor- the preservation of the ammunition, anes at is ee 
cester, C. A. C.—well recognized as an able and experienced pended. In time of peace the situation is entirely different. 
officer of sound judgment, who served first as Division 
Ordnanee Officer, and later as Army Artillery Ordnance 
Officer on the Staff of the Chief of Artillery of the First Bin : 
Army. ; storage facilities, considering the enormous reserve neces- 


The distribution becomes routine and of small proportions, 
being concerned only with the comparatively small amounts 
required for target practice. The provision of permanent 


; i sary, and the preparation of ammunition for permanent 
Salvage of Ammunit‘on ; , B : ye : I 
I ; . ; storage are ot first importance. An insight into the ques- 
) n the case of an advance by our troops, four different tion of ammunition supply during peace time can be best 
classes alvage activities av e , wessar as fol- . . . “9 , . 
S ot salvage activities may become necessary, as fol obtained by a discussion of the problem which confronted 


lows: — : 
' the Ordnance Department on the signing of the armistice 
_ (4) In order to be a of an adequate supply, there jn connection with the storage and maintenance of the im- 
IS a tendeney In each unit to accumulate as much am- mense quantity of immunition on hand and the solution 


munition as possible in its dumps. When an advance is which was worked out. 

made much of this ammunition is left behind, and if not 

taken care of may become a total loss. In France the Storage 

amounts which were so abandoned at times reached sur- In the storage of reserve ammunition it is first necessary 
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Fig. 6. Upper left: Standard ammunition magazines, 300 feet apart, 50 car- 
loads capaciiy 


Fig 8. Lower left: Primer and fuse magazines, 300 feet apart. 3.000 square 
feet floor area 





to determine the proper strategie distribution. Guns, tanks, 
tractors, and other articles of equipment should be located 
primarily with reference to the probable mobilization points 
of the troops to be equipped. Ammunition, on the other 
hand, should be located only with reference to the probable 
theaters of operation, since, aside from small amounts for 
target practice, consumption of ammunition only com- 
mences with the beginning of active operations and occurs 
only in the combat zone. After determining the proper 
distribution of reserve ammunition it is then necessary to 
provide facilities at the points selected so that safety and 
accessibility can be had with a minimum of expense. 
When the signing of the armistice suddenly eut off the 
flow of ammunition overseas, a hurried survey of the sit- 
uation indicated that the existing ammunition storage facili- 
ties would be entirely inadequate to take care of the im- 
mense volumes of this material which had been produced 
and which would be returned from overseas. There were 
in existence or under construction five depots along the 
Atlantic Coast intended for the forwarding of ammunition 
overseas, and which were provided with magazines of a 
permanent character. These depots were—Raritan Arsenal, 
near New York City; Delaware General Ordnance Depot, 
near Wilmington, Del.; Curtis Bay General Ordnance 











Fig. 7. Upper right: Smokeless powder magazines, 300 teet apirt, [500,000 
pounds capacity 


Fig. 9. Lower right: High explosives magazines, 800 feet apart, 
pounds capacity 





Depot, near Baltimore, Md.; Pig Point General Ordnance 
Depot, near Norfolk, Va., and Charleston General Ordnance 
Depot, near Charleston, S. C. In order to remove the 
immense quantities of ammunition which were accumulating 
at the factories and loading plants, in the railroad yards 
and even on board lighters, a number of loading plants 
were converted into temporary storage depots. As soon as 
this work was well under way a thorough study of the 
problem was made to develop a comprehensive ammunition 
storage policy, while another study was made to determine 
the total amount of the ammunition on hand which should 
be retained as a war reserve. As a result of the first study 
a policy was recommended to, and approved by, the Seere- 
tary of War, which contemplated the construction of new 
storage facilities near Ogden, Utah, and at Savanna Proving 
Ground, Ill. *The approved distribution has been described 
in a previous number of this Journal, and provided, briefly, 
for the location of approximately 25 per cent of the reserve, 
to consist only of finished ammunition, in the five permanent 
depots already mentioned, 15 per cent also to consist only 
of loaded ammunition, near Ogden, and the balance at the 
Savanna Proving Ground. This distribution, while not 
ideal, provides satisfactory accessibility and safety with a 
minimum of cost and is believed to be the best which could 
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Fig. 1 Upper left: Standard warehouse for inert components, bays 1 x1 


Fig. 12. Lower left: Electric portable crane 


be obtained under the existing conditions. At the present 
time construction work at Savanna and Ogden is under way. 

For purposes of supply, ammunition, like all other Ord- 
nance materiél, is classified in accordance with the Ordnance 
group system. With respect to storage conditions, however, 
ammunition and components may be divided into six 
classes, as follows: 


1. Finished ammunition and loaded components. This 
includes complete rounds ready for firing, except separate 
loading propelling charges. 

2. Smokeless powder, including both powder in bulk and 
in the form of made-up separate loading propelling charges. 

3. Fuzes and primers. This class ineludes all fuzes, 
primers, loaded boosters and components of similar nature. 

4. High explosives. Under this heading are stored black 
powder and high explosives such as T.N.T., pierie acid, 
explosive “D” and tetryl. 

5. Sodium nitrate. 

6. Inert components. This class of material consists of 
empty shell, boosters, metallic components of fuzes, and 
also small arms ammunition. 


Class One. This elass is stored in standard ammunition 
magazines (Fig. 6) approximately 50 by 220 feet, spaced 
300 to 400 feet apart. These magazines are of hollow tile 
construction with conerete floors, having a permissible floor 
load of at least 1,000 pounds per square foot. On account 





Fig. 11. Upper right: Unloading a car with roller convey 


Fig Lower right: Dock with dock magazines 


of the tonnage of ammunition and the weight of an in- 
dividual shell or package, ammunition magazines are al- 
ways provided with standard gauge railroad track. The 
principal characteristics of this class are great weight and 
moderate sensitiveness. Shell below 6 inches are not sub- 
ject to mass detonation, and while shell of 6 inches and 
larger caliber may detonate en masse, there is very little 
likelihood of this except in case of fire. The ammunition 
magazines present a fire-proof exterior and are so con- 
structed that in the event of an explosion the walls and 
roof will break up into small fragments so that there is no 
danger of large masses of debris being thrown any appre- 
ciable distance. 

Class Two. Smokeless powder magazines (Fig. 7) are 
approximately 32 by 96 feet, with a capacity of 500,000 
pounds and are placed 300 feet apart. They are of lighter 
construction than the ammunition magazines, having wooden 
floors, walls of asbestos siding and gypsum slab roofs. 
Smokeless powder does not explode, but if ignited burns 
with an extremely intense heat. The spacing of 300 feet 
and the fire-proof exterior are sufficient to prevent the 
spread of fire from one magazine to another. The capacity 
of the magazinés is limited only by the necessity for limiting 
the loss in ease of fire. 

Class Three. Fuzes and primers are stored in magazines 
32 by 96 feet, spaced 300 feet apart (Fig. 8.) These build- 
ings have wooden floors, hollow tile walls and gypsum slab 
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roofs. The distinguishing characteristics of this class of 


material are great sensitiveness, high cost, and the faet 
that the destruction of a comparatively small amount in 
bulk would render useless a relatively large amount of other 
components. For this reason magazines are comparatively 
small and the exterior thoroughly protected against sparks 
or fire. 

Class Four. 
about 26 by 42 feet, with hollow tile walls and gypsum slab 
roofs (Fig. 9.) These units are designed for a eapacity of 
250,000 pounds of explosive and are spaced 800 feet apart, 
thus complying with the American Table of Distanees. High 
explosives are comparatively sensitive, and, in ease of fire 
it is very likely that most of the explosive would detonate. 
The hollow tile gypsum slab construction, therefore, is 


High explosives are stored in magazines 


necessary to prevent damage from very heavy missiles. 

Class Five. Sodium nitrate is very soluble in water. Ii 
is an oxidizing material rather than an explosive and will 
not even burn unless mixed with a combustible material. It 
has a highly corrosive action on exposed metal work. In 
time it sets to a rock-like mass. Two hundred thousand 
tons of sodium nitrate are to be stored at Savanna Proving 
Ground in a econerete trench, the nitrate simply being 
dumped in, rolled, and then covered with a water-proofing 
of piteh compound. 

Class Six, The standard warehouse for inert material is 
constructed in sections 100 by 160 feet, with conerete floors, 
brick walls and wooden roofs (Fig. 10). <A brick fire wall 
is placed between adjoining sections. 

The standard method of handling all ammunition except 
large caliber shell is by roller conveyor, the use of which in 
unloading a car is shown in Fig. 11. It was also found 
necessary to provide the electric portable crane shown in 
Fig. 12 to handle the large shell. In the event of overseas 
shipments, a typical dock with magazines from whieh light- 
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ers can be loaded is shown in Fig. 13. Lighters are loaded 
both from ears run out on the dock and from stocks earried 
in the deck magazines. It is necessary that the latter be 
provided in order to avoid holding up the lighters. In re- 
ceiving ammunition from ships the dock magazine performs 
a similar function. 

Fig. 14 shows a typical layout of an ammunition depot, 
with the various classes of magazines, railroad, spurs, ete 

As previously stated, reserve ammunition depots in time 
of peace are manned by Ordnance Ammunition Companies, 
if necessary, by civilians. Due to the fact that men drafted 
or enlisted for the war had to be diseharged soon after the 
armistice, it beeame necessary to employ civilian forees to 
operate the depots. Arrangements have already been made 
to replace these civilians by Ordnance Ammunition Com- 
panies so far as the number of such Companies will permit. 
The organization of these Companies on a peace basis 
provides for two officers and eighty-three enlisted men, or- 
ganized into two platoons, instead of four as in the war 
organization. These Companies will not only handle the 
receipt, storage and issue of all ammunition, but will per- 
form the administrative work of the depot, such as cheek- 
ing and following up of requisitions, preparation of re- 
views, and all other work for which civilians are not abso- 
lutely necessary. In this work the operation of Ordnance 
motor vehicles is necessary to supplement the depot rail- 
road system and to reach magazines not on the railroad. 
For the proper performance of these duties personnel of 
the Companies are given thorough instruction in ammuni- 
tion of all kinds and in the operation, repair and up-keep 
of the motor transportation used. This instruction, to- 
gether with the practical work incident to the operation of 
the depot, will provide a highly trained foree capable of 
operating ammunition depots, dumps and trains in the 
vent of war. 
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AMMUNITION SUPPLY 1S 


Some idea of the magnitude of the present ammunition 
torage pr blem may be gained from the fact that war 
s as I . t 


tmmunition will require approximately 172 am 
magazines, 360 smokeless powder magazines, 229 


magazines and 100 warehouses 100 by 160 


reserve 

munitior 
high explosive 
feet. ‘These magazines, placed in one line with normal 
spacing, would extend nearly ninety miles. The total value 
of the ammunition to be stored, computed by multiplying 
r of rounds by the contract price per round, is 


the num! 
€1,000,000,000. The amount actually spent, 


approxin ately a 
however, by the United States for ammunition was over 
$2.250,000,000, the difference largely representing increased 
manufacturing facilities which had to be provided. 


Maintenance 
Practically all the ammunition on hand was manufactured 
during the war, with the expectation that it would be fired 
in a comparatively short time. It was therefore given only 
such protection as would insure its reaching the firing line 


in good condition. Furthermore, a considerable portion of 
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Fig. 15 lransferring 75 mn hrapnel from fiber to tin contaimers 


the reserve ammunition was not loaded and will be stored 
in component form. Most of these components were given 
nly sufficient protection to prevent deterioration between 
factory and loading plant. After a great deal of study, 
instructions were issued by the office of the Chief of Ord- 
nance covering the steps to be taken in placing this am- 
munition in condition for permanent storage, and the Sec- 
retary of War authorized the expenditure of over $9,000,000 
for the work, which was commenced in the spring of 1919, 
but was suspended in August until more definite informa- 
tion could be obtained as to the total amount of each 
In Decem- 
ver of 1919 the work was resumed and is now fully under 


caliber which would be retained as war reserve. 


way. 

The principal operations consist of the painting of empty 
shell, the transfer of propelling charges from fiber to steel 
containers, transferring 75-mm. shell and shrapnel to tin 
containers, and the zine plating of empty boosters. Before 
the war the standard method of protecting 75-mm. fixed 
ammunition was to place each round in a tin eylinder, the 
hd of which was then soldered on. During the war, due to 
the shortage of steel, it was necessary to develop a fiber 
container for this purpose. Much of the 75-mm. ammuni- 
tion is being transferred to the tin containers. (See Fig. 
15.) 

For a similar reason it was found necessary to develop 
a fiber container to replace the steel cartridge storage cases 
which were ordinarily used for the protection of smokeless 
powder propelling charges. A new and very efficient type 
of cartridge storage case was developed toward the end of 
ite war and these containers are being used to replace fiber 
containers in which the charges were packed. (See Fig. 16.) 


7 


Another very important phase of the maintenance of 
ammunition is the chemical control of explosive components 
known as “Surveillance.” It is well known that smokeless 
powder 1S subject to spontaneous decomposition, the prob 
ability of which increases with the age of the powder. 
Certain tests have been developed through which this de- 
Each lot 


f powder is kept under constant observation by means of 


composition may be detected in the early stages. 


continuous and periodic tests, so that when any lot shows 
evidence of instability it may be withdrawn from service 
and re-worked or destroyed. The most elaborate tests are 
conducted at Picatinny Arsenal, but are supplemented by 
simpler tests at the point where the powder is in storage. 
For this reason it is necessary that accurate records be 
kept of the location of each lot, and when it is remembered 
that there are over 4,500 lots of powder on hand seattered 
all over the country and in the island possessions, the 
magnitude, importance and complexity of the work can be 
appreciated. At each large ammunition depot a trained 
“Surveillance Inspector” is stationed, who is responsible for 

















from fiber to steel containers 


Fig. 1¢ Transferring 155 mm. powder charges 


the periodie testing of all powder and explosives at that 
depot. 

It is important that not only smokeless powder but prac- 
tically all ammunition and components be so stored that the 
lots are kept separate. The reasons are as follows: 

(a) To facilitate the prompt withdrawal from service of 
deteriorated powder. 

(b) To permit the supply to troops of any given quantity 
of ammunition of the smallest possible number of different 
lots. This is necessary, not only beeause of the simplifica- 
tion of the problem of withdrawing unstable lots after issue 
to troops, but because, due to difference in muzzle velocity 
and consequently in range, it is necessary to adjust the 
fire for each different lot of powder. 

(c) During the war all ammunition was not manufactured 
exactly according to one uniform set of specifications. 
Certain departures from the standard had to be allowed 
some manufacturers, and in many eases it has been found 
that, due to different inspection methods or other causes, 
the output of some manufacturers was below standard. It 
is sometimes necessary to correct defects in all or part of 
the ammunition produced by a certain manufacturer. By 
keeping the lots separate the location and identification of 
lots known or suspected to be faulty is thus facilitated. 

(d) It makes it possible to insure that the ammunition of 
any lot or manufacture which is expected to deteriorate 
within a short time is consumed first. 


Distribution 


The scheme of ammunition supply in peace time under 
existing regulations is shown in Fig. 17. The expenditure 


of ammunition for ordinary purposes can only be approved 
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by the General Staff, which approval is usually in the form 
of standard target practice allowances. The issue of am- 
munition, however, is controlled by the Chief of Ordnance, 
who may establish such local stocks at each station as ma) 
in his diseretion be advisable to take care of requirements. 

In the ease of ammunition for permanent Coast Defenses, 
practically all of the amounts available are stored at the 
batteries and the funetions of the Ordnance Department 
are limited to replacing target practice ammunition as ex 
pended and distributing new service ammunition, as manu- 
factured, to the Coast Defenses in accordance with policies 
approved by the General Staff. In this connection a scheme 
has been worked out and approved whereby the powder 
charges at each battery will be so replaced that ultimately 
such charges will consist of one lot as far as practicable. 
The advantages of this “one lot per battery scheme,” from 
the standpoint of accuracy of fire and simplification of sur 
veillanee, can be readily understood. 

Requisitions are submitted by the Ordnance Officer at 
each station direct to an arsenal or depot designated by the 
Chief of Ordnance for the supply of ammunition within 
authorized allowances. Requisitions for exceptional amounts 
must be approved by the Corps Area Ordnance Officer. An 
Ordnance establishment, conveniently located with respect 
to each Corps Area, has been designated for the supply of 
ammunition to all stations within the Area. This system 
has been operating for the past year with entire satisfac 
tion. The function of the Washington office is limited to 
the transfer from time to time to issuing establishments of 
ammunition sufficient to enable them to fill requisitions for 
at least one year. It is only in the ease of items of which 
a very limited supply exists that control over the issues is 
exercised by the Washington office. 

Under the Ordnance Provision System, reviews submitted 
periodically give the status of all items of ammunition at 
each Ordnance establishment in the United States. The 
frequency of these reviews is varied from time to time as 
conditions demand. In the ease of items of which a large 
supply exists as compared with requirements the reviews 
are semi-annual; in the case of ammunition of which there 
is a shortage, monthly reviews are usually required. 

Summary 
Insofar as the supply of ammunition is concerned, as the 


result of the war and the studies made since, we have 
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A knowledge of the enormous requirements of g 
modern army in action. 


A war reserve of ammunition sufficient 






meet these 


requirements until new ammunition can be manufge. 






tured. 

A policy for the strategie distribution of 
munition approved by Congress, which has already 
provided part of the funds necessary tor carrying the 






this am. 






policy into effect. 
A tested supply system for the forwarding of this 






ammunition from factory to the combat zone. 
trained in ammunition, 






A nucleus of personnel 


capable of rapid expansion in time of war. 







The only feature of the present situation which is ¢op. 





sidered unsatisfactory is the scheme of supply within the 
army, particularly the manning of ammunition trains and 
ammunition dumps forward of the army ammunition depots 







by Artillery troops. 

It is a fundamental principle of army organization that 
the business of the combat troops, Infantry, Cavalry, Ar. 
tillery, ete., is to fight and that the full attention and 
strength of these troops should be concentrated on this 
No supply problems should be allowed to divert 


, 
Vv 


purpose. 
the attention and energies of these troops if it can possil 
be avoided. 

The company, battalion, regiment and brigade are homo- 
geneous units, being composed of troops of one arm. It is 
recognized that it would be undesirable for a number of 
reasons to introduce an organization of another arm in the 
reciment or battalion, even to relieve f 


brigade, them of 
However, when we come to the division, the 


supply work. 
smallest organization which is composed of all arms and is 
capable of operating alone, the situation is entirely differ. 
In this ease organizations of Quartermaster troops 





ent. 
are provided for the supply of rations, clothing and other 
Quartermaster material, and Ordnance troops for the sup- 
ply and up-keep of guns, small arms, spare parts, ete. No 
one has ever suggested that the supply of food, clothing, 
ete., in the division should not be handled by Quartermaster 
ammunition, which re 
the supply i 


organizations, but, in the ease of 
quires much more highly trained personnel, 
turned over to the Artillery, in violation of the prineipk 
stated above, apparently for the reason that the supply @ 
ammunition to the 75’s is much more important than th 
small arms and 37-mm. ammunition, grenades 
That the Infantn 


upon whom the final suecess of am 


supply of 
flares, rockets, ete., is to the Infantry. 
“The Queen of Battles,” 
engagement depends, is not entirely satisfied with this ar 
rangement has been repeatedly demonstrated in the pas 
war. 

In the 


Service in the A. E. F.,” 


Woreester on * A mmunitio 


referred to, the author 


article by Colonel 
above 
states: 

shortag 
of recog: 


“In addition to the changes brought about by 
of rolling transportation and the 
nized corps dumps, a decided change of opinion came abou 
divisions as to the suitability of having the # 


In many unl 


establishment 


in many 
tillery handle the ammunition 
where Gl was functioning smoothly, this service was tran 
ferred from the artillery to G1, thereby relieving the bus 
Artillery commander of a very troublesome supply funetio! 
giving him time for tactical duties which were very heavy, 
and placing the ammunition service under the control « 
This change ¥® 





service. 


the officer responsible for other services. 
not officially recognized at any time in the A. E. F. and th 
Staff School at Langres continued to teach that the a& 
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munition service was an artillery function,” and, again, on 
page 47, occurs the following: 

“J have heard the following three solutions suggested for 
the proper designation of the Division Munition Officer in 
tables of organization : 

(a) On staff of the Artillery Brigade Commander; 

(b) A Service under G1; 

(c) A duty of the Division Ordnance Officer, giving to 

that officer a commissioned assistant. 

It is my opinion that it is decidedly a G1 function rather 
than an artillery function; and since ammunition manu- 
facture and supply is an Ordnance matter I am convinced 
that the Ordnance service, both in Army, Corps and Di- 
vision, should handle ammunition service.” 

There is probably no officer who had a better opportun- 
ity to observe the working of the American ammunition 
suppl) system in Franee and who is in a better position to 
pass judgment on the shortcomings of that system. His 
views are therefore entitled to most careful consideration. 
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As a general proposition, it is believed that any branch of 
the service can perform any function—given personnel, 
time and training facilities necessary, but when it is re- 
membered that the immense reserve ammunition depots will 
be manned during peace time by Ordnance Ammunition 
Companies, who must, from the very nature of their duties, 
become thoroughly trained in ammunition and who will 
have had experience in transportation by motor truck, it 
would seem only logical in time of war to expand these 
troops sufficiently to handle all ammunition supply, from 
the factory to the division dumps, thus permitting the Ar- 
tillery to give its entire attention to fighting. 

Specifically, to insure maximum efficiency in the supply 
of this vital material, all ammunition trains for the army, 
corps and division should be manned by Ordnance troops 
and Ordnance Ammunition Companies should man all army, 
corps and division ammunition depot and dumps. Whether 
or not this assignment of duties is incorporated in the re- 
organization of the Army now under way, force of cireum- 
stances will compel it in the next war. 


Discussion 


Philip H. Worcester 


[Colonel Worcester was, during the World War, successively Ordnance Officer of the 82d Division; Ordnance Officer, First Army Artillery; and 
Commanding Officer, 146th Regiment of Field Artillery. This well rounded experience under conditions of active service qualifies him to 
speak from an unusually well-informed viewpoint on the vital question of ammunition suppiy in time of wat Ep.] 


I have read Colonel Stuart’s article on “Ammunition 
Supplv” with the greatest interest. It appears to me that 
he has covered the subject very thoroughly. 

In the World War our army organization was patterned 
after that of the French, to a great extent. As we were to 
work primarily with the French and as we depended to a 
great extent on them for our ammunition supply, it was 
but natural that we should adopt practically their method 
of supplying munitions, which, as I understand it, was in 
reality a separate service functioning under the Fourth 
Bureau of their General Staff. 

Since, in our service, munition duties have always been 
a part of our Ordnance Department, it appears only nat- 
ural that we should in the future give back to the Ordnance 
Department these munition duties. To do otherwise would 
be to attempt to provide another service where one now 
stands ready and organized to do the work. 

At least down to the corps there is no need of introdue- 
ing the term “munitions officer,” for the ordnance officers 
of the various units, and those in the communications zon: 
and zone of the interior are the proper persons to function 
munitions from manufacture to delivery. The exact place 
of this delivery to combat troops will be discussed later. 

As an example of the above, it may be said that the arm, 
munitions officer of overseas is the same officer who is now 
defined as the assistant to the Army Ordnance Officer in 
charge of ammunition depots. This officer, under the super 
vision of the general staff, is charged with all the duties of 
stocking, storing, alloting and issuing ammunition within 
the army. The general staff gets its policy from the Chief 
of Artillery of the Army. 

In my opinion it should also be the ordnance officers of 
corps and divisions who should be the supply officers for 
munitions, functioning as services under the general staff 
in the same manner as they now function for other ordnance 
supplies. The necessary commissioned and enlisted per 
sonnel should be added to their offices in order to so fune- 
tion. 


Lia ° . 
When we come to discuss the question of ammunition 


trains, the matter is not so simple and involves many dif- 
ferent points. The first point, however, is one on which at 
least all artillerymen agree, namely, that ammunition train 
personnel must be specially trained for this work. They 
cannot be merely motor truck personnel trained for cargo 
carrying. They must have training in care, handling and 
knowledge of munitions and how to deliver them, regardless 
of the complexity of the situation. 

A complete reading of my article in the Journal of U. S. 
Artillery will show that from my experience overseas I be- 
lieve that the manning of trains from the artillery is en- 
tirely satisfactory. It is possibly immaterial from what 
branch of the service they come as long as they are trained. 
Nevertheless, I rather favor the use of artillerymen for this 
work, as I believe that artillerymen will better visualize 
their job from the viewpoint of the artillery which they 
must serve than would supply troops such as the ordnance 
personnel. 

Following our Field Service Regulations and our practice 
overseas, the responsibility for ammunition supply has 
been placed on the army commander for the army, on his 
chief of artillery for the army artillery, and on the chief of 
artillery of the corps for the corps and divisional artillery. 
The responsibility being his, the trains must be under his 
command. Thus, as an example, we find the Corps Artil- 
lery Park under the Chief of Artillery of the Corps. 

The doctrine in the artillery has, moreover, been that all 
pieces should be put into position for action to assist the 
infantry to attain its mission. 
of guns held out in an action. The reserve is the fire power 
eapable of being developed where needed, and is then the 
reserve of ammunition. For this reason, the artillery has 
demanded the control of the ammunition trains when 
action is imminent in order to control what they have con- 
sidered their reserve. Today this includes the Corps Ar- 
tillery Park. 

Somewhere is the chain of supply, the supply depart- 
ment must deliver the supplies to the control of the combat 
troops, who make the actual deliveries. 


There is normally no reserve 


In nearly every 
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class of supplies this point of change is the regiment or 
separate battalion, and for this purpose we find the supply 
company a part of the regiment. Were it not for control 
of the trains demanded by the artillery in the case of mu- 
nitions, it would appear that this would be the proper place 
for the ordnance department to deliver the ammunition. 

We must furthermore not lose sight of the great desir- 
ability of forming units as far as possible all from one 
branch of the service; this is particularly illustrated in the 
formation of the regiment in which nearly every specialist 
is from the infantry. In this connection I have never be- 
lieved it wise to depart from this rule to attach ordnance 
personnel. In my opinion, they should be specially trained 
infantry personnel capable of doing the ordnance work 
necessary. 

We also know that a commander must be supreme and 
command all units. Whatever be the branch of the service 
from which the manning troops of the ammunition trains 
come, they must be division troops, absolutely under the 
command of the division. 

The point brought out most strongly in the closing para- 
graphs of Colonel Stuart’s article is the necessity of having 
ammunition train personnel from the Ordnance Depart- 


ment. This, of course, includes those of army artillery, 


Field Serv 


Sale of Ordnance to Reserve O fjicers. 


Advance notice has been received from the Adjutant 
General of the Army to the effect that in the next revision 
of the Regulations governing the Officers’ Reserve Corps, 
authority will be given to make sales of small arms and 
equipment to members of that Corps. No sales, however, 
will be made until this publication, in its revised form, is 
available. 


New Construction. 


The construction of the ammunition storage depots at 
Savanna, Ill., and Ogden, Utah, is progressing rapidly. 
According to latest progress reports from Ogden, there 
are three buildings under roof and all under construction. 
At Savanna Proving Ground eight magazines are under 
roof, housing is 60 per cent complete and all under way. 
The storage pit at Savanna for nitrate has been completed, 
and arrangements are being made for the shipment of the 
nitrate from present storage points. It is expected that 
this movement will start about March 1. This includes ap- 
proximately 7,000 carloads of nitrate to Savanna from 
various points on the Atlantic and Gulf coasts, approxi- 
mately 2,500 carloads of ammunition to Savanna and 1,600 
carloads of ammunition to Ogden from various points on 
the Atlantic Seaboard. During the past month plans have 
been completed for the shipment of ammunition to these 
depots, and also for the redistribution of stocks among 
the other depots. A chart has been issued showing quan- 
tities of the principal types to be shipped to and from the 
several depots. Other charts will be issued in the near 
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corps and divisions. From what has been said above | 
cannot see any particular advantage in changing from the 
artillery to the ordnance for this duty. In facet, I favor the 
artillery personnel in that position. But I do lean towarg 
the opinion that the artillery reserve is the ammunition ear. 
ried in the regimental combat trains and does not inelude 
that carried in the division trains. In fact, it appears to 
me that the artillery with its combat train allowance has 


the reserve contemplated by regulations. All over and 
above that becomes merely a supply matter, a tiunitions 


supply matter, and one that rightly belongs as a funetion 
of the supply department charged with supplying muni- 
tions, namely the Ordnance Department. For this purpose 
the ammunition trains of army artillery, corps and divisions 
should funetion under the respective ordnance ofticers jy 
the same way that the supply trains function under the 
proper quartermasters. This places the supply of muni- 
tions as an ordnance function under general staff control in 
a manner similar to all other supply services. It is realized 
that this epinion is contrary to that recently incorporated 
in the reorganization of the army, in that under new organ- 
ization, artillery ammunition trains are to become a part of 
artillery brigades, but my experience overseas makes me he- 
lieve that it is the correct way to function munitions. 


ice Notes 


General instructions 
Maj. O. H. 
ordered to 


future covering the remaining types. 
covering this movement have also been issued. 
Presbrey, Ordnance Department, has been 
Ogden Arsenal as Commanding Officer of that establish- 
ment. 


Sundry Civil Bill. 


Estimates were submitted to Congress in the Sundry 
Civil Bill for the construction of thirty-three additional 
magazines at Ogden, and forty-three at Savanna Proving 
Ground, and also for the construction of the one hundred 
ninety-nine high-explosive magazines formerly intended 
for Sparta, Wis., at Fort Wingate, N. M. Inasmuch as 
the Sundry Civil Bill, as reported from the House Appro- 
priations Committee, does not contain items covering any 
of these projects, it is not expected that the magazines will 
be authorized this year. 


Riot Guns for Corps Areas. 


The distribution of riot shotguns, in accordance with in- 
structions received from the Adjutant General of the 
Army, which provide for a supply of 1,000 shotguns of 
this type to be held by the Commanding General of each 
of the Corps Areas and 400 in the Hawaiian Department, 
for use in ease of riot duty, is practically completed. 


Organization tables for Ordnance companies (maintenance 
and cavalry maintenance) have been compiled, approved 
and submitted to the General Staff for publication. 
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The Gage Problem in Ordnance 
Manufacture 


By 


J. O. JOHNSON 


Member 


{The vital importance of having immediately available at the outbreak of war sufficient gages to permit an early start upon the manufacture of 
various units and components of Ordnance has been recognized by the formation of a Gage Section operating directly under the Chief of Man 


ufacture, Ordnance Office. On the formation of this Section in Nove 


as its first Chief, and since that date all questions relating to gages h 
facturing divisions as incidental to the manufacture of the particular t 


mber, 1919, the author of this article, Maj. J. O. Johnson, was assigned 
ave been handled by the Gage Section instead of by the various manu 
ypes of material which they are charged with producing. In short, gages 


are recognized as a definite problem, justifying the formation of a separate unit charged solely with solving problems relating thereto Ep. 


T was the experience of the Ordnance Department dur- 
ing the World War that delays in getting into quantity 
production were very largely due to the impossibility of 

securing proper gages for controlling the aecuraey of manu- 
facture, as well as determining the conformity of the manu- 
factured materiel to the specifications governing its inspec- 
tion for acceptance. This situa- 


2. The Chief of the Gage Section shall be responsible for the de 


velopment, design, procurement, inspection, alteration, upkeep, storage 
and supply of all gages, and for all other duties incident thereto, as 
are assigned to a Manufacturing Division in Office Order No, 495 
1919. 


January 7, 


3. There shall be transferred from the Manufacturing Divisions to 
the Gage Section, all personnel records, and correspondence pertaining 
to gages, which transfer shall be ef 

fective upon the request of the Gage 





from the fact that 
there 
was not in the United 
States of America anything like 
the number of 


flon arose 
at the outbreak of war 
whole 


gage designers, students of military problems 


tool makers, or shops equipped the event of a war of any considerable magnitude, the task 


to manufacture gages commen- of supplying the necessary m 


surate with the magnitude of the 


sonnel. 
problem in highly aceurate and 


The experience of the 
the truth of this proposition. 


Bouse of Representatives 1. 9. 
Washington, B. C. 


Even before the outbreak of the great war in Europe, earnest 


more difficult than that of making ready the required per- 


i 
Section 


The first big problem of this 
Seetion was to eolleect all gages 
belonging to the Ordnance De- 


had begun to realize that, in 


from the _ settlement 


These gages, which 


partment 


atériel would be greater and ol claims. 


were seattered all over the coun- 


war more than demonstrated | try and in all sorts of condition 


The varied character, as well | (estimated value about thirty 


highly interchangeable manu- as the stupendous quantities, of arms and ammunition used Ni loll = } 
facture required by the muni- in the war, far surpassed the wildest dream of the most million dollars), had to be gath- 


wns program. : ; In considering the question 
Gaging is recognized as being 
the most highly 
branch of the tool-making in- 
dustry and is an art difficult to 
. ordnance in adequate quantitie 
master even with long training | the problem of 
and experience. 
extensive manufacturing experi- | “°°s Wel! to call the attention, 
enee on interchangeable wreshe military men, and of captains 
and an intimate knowledge of 
the various operations and proe- with this subject. I commend 
esses of machining. It requires 
also a thorough understanding 


reasonable preparation for tl 


specialized primary elements of warfare 
order sung by Vergil in the 
epic, “Arma virumque.” The 


are interested in the practical 
ness.—JONN Q. TILSON, Membe 


Connecticut. 





advanced thinker along militar 


national defense, and gages are the most the 
It requires an vital requisite in working out this problem 


to the importance of this matter. 


practical experience he is peculiarly well qualified to deal The 


y lines. ered into Government arsenals, 


of a sane, safe 


adequate and | and in order to save confusion 
ie national defense the two | it was decided to establish the 
different 
and storage depots for certain 
kinds of 


should be taken up in the “Re 
opening line of his immortal arsenals as receiving 


quick production of proper 


s when needed 1S the crux ot gages pertaining to 
materiel manufactured at 
Major Johnson } \ 1i | | 
as he does in this article, of the arsenal. Accordingly, the 


Instructions 
1920: 


instructions 


of peaceful industry as well, following General 


By reason of his long and | were issued January 17, 


following general 
his article to all those who will be followed at each Ordnance es- 
handling of 
gages assigned to that particular Ord 
nance 


problem of military prepared tabishment covering the 


Third Distréct. 


of Congress, 


establishment 





In general, the gages are assigned 





of the theory of tolerances and 
the exercise of sound judgment 
in its application, in order that the manufacturer may have 
as large a working range as possible and yet insure that 
the finished article will function as intended and will be 
interchangeable within the prescribed limits. 

In order to be always in a position to start the quantity 
production of types of Ordnance used during the World 
War, the Department is devoting a great deal of its atten- 
tion to conserving the the gages which were made for this 
purpose and which also will serve as models for the de- 
sign of gages for such material, generally similar but 
probably of improved design, as may be developed in the 
future. It is the purpose of this article to outline briefly 
the steps taken by the Ordnance Department to accomplish 
these ends. 


The order establishing the Gage Section provided: 


* . * * + * 
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to the various arsenals according to 
the schedule listed below 
Rock Island Arsenal. Gages pertaining to carriages for mobile artil 
ry up to and including 8-inch howitzer carriages, and caterpillar 
mounts; gages pertaining to tanks, tractors, trailers and trucks; gages 
for the small-arms manufacturing facilities now installed at Rock 
Island Arsenal, and gages for drop-bomb-release mechanisms 
Frani.ford 
P y 


ages pertaining to all 


Arsenal. Gages pertaining to small-arms ammunition; 


artillery ammunition with the exception of 





gages for shell larger than 240 mm. caliber, which go to Watertown 
Arsenal; gages for sights and fire-control instruments, including bomb 


sights, measuring and gage-checking instruments; gages for trench 
warfare ammunition, and drop bombs including detonating systems 

Note. While the Frankford Arsenal is designated as the center for 
gages for ammunition, as a temporary measure it will be necessary to 
Depot for the handling of the 


gages now in storage there and which may be shipped there in the 


utilize facilities at Chicago Storage 
near future, but ultimately it is the intention to transfer these activ 
ities, together with the gages, to Frankford Arsenal. Arrangements at 
Frankford Arsenal should be of such a nature as to take care of this 
additional work at a later date when it becomes practicable to make 


the change 
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special gages of various kinds as are 


Arsenal in the experimental and develop 


Picatinny Arsenal, Such 
actually needed at Picatinny 
ment work pertaining to that arsenal. 
Watertown Arsenal. Gages pertaining to 
pertaining to the 240 mm. howitzer carriage 
carriages; gages pertaining to railway artillery carriages; gages per 
taining to projectiles of larger caliber than 240 mm. 
Springfield Armory. Gages pertaining to all rifles, machine 
automatic rifles, pistols and revolvers and accessories therefor, not in 
cluding ammunition. This does not include the gages needed for the 


seacoast 


and heavier howitzer 


carriages; gages 


guns, 


production units for small arms actually installed at Rock Island 
Arsenal. 

Watervliet Arsenal. Gages pertaining to cannon and accessories there- 
for. 


Chicago Storage Depot. While Frankford Arsenal is prescribed as 
the gage center for gages for artillery and trench warfare ammunition 
and drop bombs, it will be necessary to temporarily use the facilities 
at the Chicago Storage Depot for handling the gages that have already 
been shipped there and that will be shipped there as a matter of ex- 
pediency. The work at the Chicago Storage Depot should proceed ac 
cording to this order, but special instructions will later be issued to 
that arsenal as to the action to be taken in connection with the trans 
fer of the activities to Frankford Arsenal. 

When gages are received at any of the arsenals the boxes should 
be immediately opened and the gages examined to see their condition; 
if necessary they should be temporarily slushed while awaiting in 
spection and test. 

When the gages are turned over to the gage unit they should be 
checked within a reasonable time, care being taken to insure the latest 
revised drawings being used. The checking of the gages should cover 
positive identification of the gages, inspection as to accuracy, record 
ing of necessary data on cards, and examination as to condition—doing 
necessary cleaning, slushing, and storing in bins according to th 
system prescribed at the arsenal in question. 

In recording the data pertaining to the gages the fundamental 
idea is as follows: the gage having been cleaned, checked and slushed 
is stored and thereafter is represented by the data card, which should 
contain as much information concerning the gage as could be obtained 
from a physical examination of the gage itself. A form of card is 
prescribed which shows the data necessary to be recorded in order to 
achieve the above purpose. 

Four cards will be prepared to give the complete 
scribed. One of these cards will be forwarded to the 
Executive Division, Office of the Chief of Manufacture, 
D. C. The remaining three cards will be used by the arsenal authori- 
ties in keeping proper check of the gages. 

The following method will be followed in the use of the three remain 
ing cards, this method having been adopted after consultation with 
certain of the arsenal authorities: 

One of the cards to be filed under the identification number. 

One of the cards to be filed under the gage name or designation 

One of the cards to be filed under the component for which the gage 
was designed. 

If the arsenal authorities consider any additional cards desirable or 
necessary, sample cards should be submitted to this office for approval 
before being put in use. 

When a gage is cleaned, tested and listed on the data cards, an 
identifying number will be etched on the gage by an etching machine 
and the corresponding identification number will be entered on the 
data cards. This is an important point, being the only identification 
link between the gage itself and its corresponding data card. 

In connection with the slushing and storing of gages, attention is 
invited to the importance of using a slushing compound that is free 
from acid and as free from moisture as can be obtained. Great care 
should be taken in applying the slushing compound to the gage, prefer 
ably by dipping while the compound is heated to a molten condition, 
After dripping and allowing to cool, the gages should be wrapped in 
moisture-proof paper. 

When a gage is inspected and found unserviceable but of sufficient 
value to render reclaiming advisable, the gage should be set aside 
pending instructions from Washington. After repairing it will then 
be listed and entered in the same manner as other serviceable gages. 
The actual work of repair for reclaimed gages should not take prece- 
dence over the testing or inspection of the remainder of the gages, but 
should be postponed until after all the gages have been inspected, listed, 
and stored, unless special conditions at an arsenal render other steps 
advisable. 

When a gage is found unserviceable and not worth reclaiming, it 
will be scrapped and disposed of under existing regulations, its card 
being forwarded to Washington to show the disposition made. 

In connection with the general subject of inspecting and storing 
gages, the idea must always be kept in mind that the gages must be 
so stored as to be easily available for shipment in sets or in such other 
manner as may be required. 


data as pre 
Gage Section, 
Washington 
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The above instructions apply to gages which pertain to materia) 


which has been accepted as standard, that is approved Ordnance mg. 


terial for issue. Gages for experimental work will not be placed ip 
the same category as gages for standard material. Where gages are 
found that do not pertain to standard material] the facts should } 
reported to this office with request for instructions as to disposal ang 
record, 

The attention of all arsenals is invited to the necessity of completing 
the work prescribed in this order by June 30th as funds will not ly 


available after that date. In case any conditions exist which will pre. 
vent the completion of the work by June 30th, a special report should 
be made to this office showing reasons thereiu: 

It is important at the present time that every effort be mad 
properly test, check, record and store the gages on hand. Later, afte 
the gages have been properly taken care of, the question as to what 
gages we have on hand, the completeness of various gage sets, and 
questions of like import will be covered in separate instructions 

Any difficulties encountered in the arsenals in carrying out the 
above instructions should be made the subject of special report to this 


office. 


In the meantime, these arsenals were equipped with up- 
to-date facilities, and trained personnel was secured as far 
as possible. Very rapid progress has been made, and at this 
writing the expectation of the Gage Section is to have this 
work completed by June 30, 1921. The net result from 
this work will be that the Ordnance Department, through 
the Gage Section, will be able to tell at any time just what 
gages they have on hand, the condition of each gage, and 
its exact location. 

In ease of emergency where quick expansion would be 
imperative, complete sets of gages on each component 
could be selected and distributed so that every contractor 
would receive his immediate needs which would hold him 
over until more gages could be made. By this method, 
the contractor would be ready to begin work as soon as his 
machines and equipment were arranged, and would save 
considerable time in getting into quantity production. 

It may be well at this time to give a history of what has 
led up to the present efficiency in the manufacture of inter- 
changeable parts. 

The first interchangeable manufacture attempted was in 
France in the year 1717, and it failed. Another trial was 
made in 1785, which also failed. In 1798, Eli Whitney, of 
cotton gin fame, took and completed a eontract to make ten 
thousand muskets for the United States Government, and 
the parts of these guns were interchangeable. 

English and French Ordnance Officers ridiculed and eriti- 
cised Whitney’s ideas to such an extent that Congress be 
came alarmed at the money being used for the purpose. 
Whitney went to Washington with ten guns, disassembled 
them, and distributed the parts on the floor. From these 
parts he then assembled ten guns that operated properly. 
This remarkable achievement astonished everyone, and 3s 
believed to be the first successful interchangeable manufac- 
ture of accurate work. As nearly as can be found from the 
records available, this occured in 1800. In 1808, Simeon 
North accomplished a like feat on pistols for the govern- 
ment. It is claimed by some that he was the first to i- 
troduce it. 

It is also known that John George Bodmer began to man- 
ufacture guns at St. Blaise, in the Black Forest about 1806 
by a new method, which is believed to have been partly in- 
terchangeable; that is, some of the parts like the lock and 
stock were made and carried in stock and are supposed to 
have been interchangeable. However, interchangeable man- 
ufacture is conceded to be an American development and 
is deseribed by writers on the continent as an American 
method. In 1853, a British Commission visited the United 
States to investigate the methods in use and as a result or- 
dered 20,000 Enfield Rifles for the British Government, and 
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jater 157 machines for the Government Arsenals. James 
H. Burton was hired to install the machinery and methods. 

From this small beginning, the practice grew steadily in 
the armories and arsenals and later as the advantages be- 
came known, it spread to bieyeles, typewriters and various 
other things until now it is quite common to speak of inter- 
changeable manufacture. There is no doubt but that there 
js some difference between the exact meaning of the term 
then and now, just as there is a great difference between 
manufacture then and now. There are several degrees of 
interchangeability, or at least several interpretations of the 
the term. 

Strict interchangeability consists in making the different 
parts of a mechanism so uniform in size and contour that 
each part will fit and properly function in any one of the 
whole number of mechanisms, no matter when or where it is 
made. It will be noted that this definition means that each 
part of the mechanism of a certain model will fit any of the 
mechanisms of the same 
model regardless of the lot 
to which it belongs or the 
year in which it was made. 

Partial interchangeabil- 
ity consists in making each 
part fit any mechanism in 
a certain series; that is, | 
the interchangeability ex- 
ists only in the same series. 

In the early days before 
the modern accurate ma- 
chinery came into use, it 
was necessary to finish 
work by hand, and to 
make it uniform template 
filing and finishing was re- 
sorted to. For example, 
gun and pistol parts would 
have the holes drilled and 
reamed in a jig or fixture 
and then the contour fin- 
ishing done by putting 
those pieces into template 
jig, provided with pins to 
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in the fit of mating parts consistent with proper function- 
ing. This leads up to the subject of allowances and toler- 
ances, one of the simplest but least understood in the whole 
system of interchangeability. As these two words will be 
used repeatedly, it is well to point out the difference be- 
tween them. 

Allowance is a preseribed difference between the dimen- 
sions of two mating parts to produce a desired kind of fit. 
Example: A standard hole exactly 1 inch in diameter, for 
a free running shaft, the diameter of which is .998 inch. 
The difference between this journal and the shaft is .002 
inch and this is the allowance prescribed for the oil film. 

Tolerance is the prescribed permissible difference in the 
dimensions to cover the unavoidable errors or variations in 
manufacturing a large number of pieces. 

In the above example, if a thousand running fits were to 
-+-.0005 
—.0000 
This half-thousandth per- 
missible error is the tol- 


be made, the holes might be dimensioned 1.000 inch 


erance. 
The shaft might be di- 
F .V000 
mensioned .998 ) 
.0010 


and this permissible error 
ot .001 inch is the toler- 
ance. Then the minimum 
allowance is .002 inch and 
the maximum looseness or 
the sum of both tolerances 
and the minimum allow- 
anee is .0035 inch. 

Thus the kind of fit is 
finally determined by the 
combination of the allow- 





ance and tolerance, and 
most engineers prefer to 
use allowance as a mini- 
mum value, which is never 
intentionally | eneroached 
upon, the tolerances pro- 
viding for larger freedom 
of fits. The reason for this 








fit the holes. The outside 
of the jigs would be a 
hardened duplicate of the 
shape and size of the model piece. The workman would 
then file down to the hardened template, which controlled 
the shape and size of the piece. Many ingenious devices 
and schemes were used to facilitate the duplication of parts 
and great skill was developed in the workmen. 

The great improvement in machine tools, especially as to 
accuracy of output, was a very great factor in promoting 
interchangeablility and, here again, America has led the 
world. The refinement, accuracy and efficiency of modern 
machine tools are strictly American accomplishments and 
are the outcome of demands for interchangeable manu- 
facture at a low cost. American labor costs so much more 
than foreign that to compete in the world markets, we had 
to obtain as much product for each dollar of labor as our 
competitors; therefore, we had to develop machinery to 
get more product for less labor. This in turn has developed 
skill in our mechanics and raised the standard of living, so 
that to-day American skilled workmen are the best situated 
in the world. 

It is a fundamental law that interchangeable manufac- 
ture is facilitated by allowing the largest possible freedom 





*The 77 gages required to insure that a 75-mm shell case conforms to speci 
fications 


is that the data for mini- 
mum allowance is more re- 
liable and has been more 
clearly demonstrated than the maximum allowance, and as 
it is vital, it must be unaffected by tolerances. This is 
plainly evident in the case of free moving parts, as it is 
well understood that a space must be provided for an oil 
film and this space must not be so small as to endanger 
failure through seizing of the parts in contact. Again, it 
has rarely been determined, except in individual cases, how 
loose moving parts can be before they are unsuitable. It 
must be understood also that the tendency of the engi- 
neer is in the direction of longer wearing life of the parts, 
hence the tendency to decrease maximum allowance or 
looseness. 

There are’ many conditions in which maximum looseness 
determines the strength of the parts or the limits of en- 
gagement and any more freedom of fit would make the 
parts unsatisfactory. When this is the case, maximum 
looseness must be the starting point of the calculations, and 
this must then be unaffected by tolerances. Then, if mini- 
mum allowance can be determined, the difference between 
these two (maximum and minimum looseness) is the sum 


of the tolerances. 
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The tolerances are then divided between the mating 
parts according to the manufacturing ability to produce 
the parts to uniform size. That is, if the manufacturing 
ability is such that it is much easier to produce uniform 
size in one member than the other, the tolerance on the 
members is divided in direct proportion to this condition. 
When the dimensioning is finished, we will have the equation 
Maximum looseness=minimum allowance-+the sum of the 
tolerance of both parts, and this equation will apply what- 
ever the known factors are. 

Very often the allowance has zero value—that is, there 
is no clearance whatever allowed for the fit and in a single 
pair of mating parts, they fit metal to metal. Now, if a 
large number of such parts are to be made, it must be de- 
termined whether this zero allowance is for the tightest or 
the loosest fit permissible, and then substitute the known 
ralues in the equation, maximum looseness=minimum al- 
lowance--tolerance of both parts. 

The term “Negative Allowance” is often used to indicate 
that we allow a certain prescribed amount to make a tight 
or foree fit, and is very confusing because it implies being 
subtracted and this is not the ease. According to present 
usage, zero allowance indicates that there is no clearance 
or space allowed between the two mating parts. Positive 
allowance indicates that there is prescribed a space between 
~ the mating parts. Negative allowance indicates that there 
is less than a space provided for between the mating parts, 
or an imaginary space displaced by the flow of the metal 
to make a tight fit. Therefore, negative allowance should 
be treated as a negative quantity in the formula above 
mentioned and then the quantity resulting used for either 
greater or less looseness, according to whether the sign 
of the quantity is positive or negative. 

As maximum looseness or minimum tightness is the small- 
est shaft in the largest hole or conversely minimum loose- 
ness or maximum tightness is the largest shaft in the small- 
est hole, we have the following formula, which covers all 
eases: 

Maximum looseness or minimum tightness=minimum al- 
lowance or largest exterior member in smallest interior 
member-+the sum of the tolerance of both parts. 

The following example will make this plain: A hole is 
dimensioned 1.0007 1-005 and its mating part 1.002” 1 OOM 
and as the shaft is larger than the hole, the sign of the al- 
lowance is negative and it will be a tight fit. In this ease, 
what is the minimum allowance? 

As already stated, it is the largest interior member in 
the smallest hole and is, therefore, equal to 1.002—1.000 
with a minus sign or —.002”. 

If ‘the following procedure and method of dimensioning 
drawings be followed, it will greatly simplify matters per- 
taining to allowances and tolerances. Determine the mini- 
mum allowance or the difference to be allowed between the 
maximum internal and minimum external member of a single 
mating pair and make the dimensions on the drawings of 
the mating parts, before adding tolerances, agree with 
this. Using our first example for running fit, the hole 
should be dimensioned 1.000” and the shaft .998”. This 
indicates at once a minimum allowance of .002” for one 
pair of mating parts. Then, as this is maximum tightness 
or minimum looseness, tolerances for manufacture are 
added to the right of these figures and are for hole 1.000 
-+.0005 ogg +-000. 
—.0000 ~~~ —,001. 


Stating it another way, choose for the main dimensions 


and for shaft 
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the smaller one of the external member and the larger of 
the internal member and add tolerances in the direction to 
produce looseness of fit. If this method were followed uni- 
versally, it would be less confusing and save endless argy- 
ment and waste of time on setting tolerances. 

The minimum allowance or greatest tightness and maxi- 
mum looseness must be known when the tolerances have 
been set, and usually they are known at the time tolerances 
are set. There are, he wever, cases in which it is known that 
certain tolerances are the smallest that can be successfully 
used in manufacture and then maximum looseness and 
maximum tightness must be adjusted to obtain the best 
functioning condition in conjunction with these tolerances, 
This oceurs often in very close work. 

After determining the maximum and minimum looseness 
of mating parts and setting the tolerances, it becomes neees- 
sary to control the dimensions of the parts so that none of 
the dimensions will be outside of the limits established, and 
this is best done at this time for strictly interchangeable 
manufacture by the use of proper ‘go” and “no go” gages, 

First-class gages are expensive and soon wear so that 
strict interehangeability is sacrificed to keep down gage 
eost. 

In times past it was common practice to use “go” gages 
only, limiting the looseness of fit by the shake of the piece 
in the gage. Where a little more refinement was needed, a 
piece of newspaper was used on one side of the “go” gage 
and if the piece which passed without the paper did not 
pass with the paper, it was accepted. A piece of news- 
paper used with each of a pair of mating “go” gages usu- 
ally produced a freedom of fit of from .004” to .006” and 
with skillful help, it produced satisfactory results. 

For strictly interchangeable quantity production work of 
good character, a good gaging system will prove economical. 

Such a_ system the minimum number of 
properly designed gages to control all the factors of the 


comprises 


various parts of a mechanism so that they will assemble and 
funetion properly. As _ stated this assumes that 
proper allowances and tolerances have been established. 

is usually a maximum 


before, 
The minimum number of gages 
and a minimum gage for each fit of a mating part and 
sometimes in addition a maximum and minimum length 
gage. 

Sometimes intricate pieces have holes, guiding surfaces, 
bosses, and slides which must be in definite relation to each 
other. In this case, a type of functional gage would be 
used which should check the accuracy of relation of each 
of these elements to each other and especially to the im- 
portant one. 

Sometimes a complete mechanism is made of units each 
of which contains a number of parts all of which must 
function. 

In a case of this kind, the parts are gaged and each unit 
assembled, then a functional gage checks the correctness of 
the entire unit after assembly so that the unit will function 
properly when the whole mechanism is assembled. 

The designer should always keep before him the funda- 
mental principle that tolerances should be as large as 
proper functioning will permit and he should be well in- 
formed what tolerances successful manufacturers actually 
work to. He should take pains to inform himself how 
tight and how loose working parts can actually be and yet 
give satisfactory results. 

Once these tolerances are set as large as the designer will 
risk, they should be rigidly adhered to and considered a 


boundary line. The product should always be kept within 
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these boundary lines and this is best accomplished by mak- 


ing the component drawing dimensions the Inspection Gage 


dimensions. 

Inspection gages are usually of the same design as the 
working gages, the exact amount to allow for wear is an 
economic problem. In solving it, one must keep in mind 
that a small wear limit increases the gage cost and a large 
wear limit requires closer attention and work at the ma- 
chines. 

Where experience is lacking, it is good practice to allow 
10 per cent of the component tolerance for wear on the 
As the “no go” 
cent will be sufficient. They can only represent extreme tol 
erance limits when worn to exact component dimensions. 

The working gages are those used to check the work as if 
is machined, and should have liberal wear limits to insure 


gages wear but little, 5 per 


” 
"oO rages. 
g gas 


the work being passed by the inspection gages. 

Thus it will be seen that this system, if followed, will 
admit of the acceptance of work that will be interchange 
able. It also emphasizes the fundamental principle that 
tolerances should be as large as will properly function. 

If the tolerances are too small the work will be more 
costly because better workmen will be required, and this 
always means higher wages. Better tools and machines to 
produce the close work and more frequent adjustment and 
attention are also necessary, as well as additional gage 
cost. 

Close tolerances cause large rejections of the work and 
more or less friction between the inspector and those re- 
sponsible for the work. It that the 
inspector has but little choice in the majority of work as 


He is given a set of Inspection 


must be understood 
regards the dimensions. 
Gages which are the extreme limits of the dimensions the 
purchaser is going to accept and then he has no option but 
to'pass everything within these limits and reject every- 
thing without. The trouble usually is that the inspector 
throws out work that is only one-thousandth of an inch 
outside the limit and the workman thinks this is unreason- 
able and the work just as good as that which barely passed 
the gage. The inspector, however, is right; the line must 
be drawn somewhere, and there is some point at which it 
becomes a risk to accept faulty material that will not fune- 
tion properly. This point is the limits of the Inspection 
Gage and should be all that the designer will risk for 
proper functioning. Then the judgment of the designer 
should be accepted and the limits rigidly adhered to, as he 
is responsible. 

If the inspector accepts work that he knows is outside 
these limits, he and not the designer is responsible for any 
failure to function. | 

It must be understood that the best of interchangeable 
product is as close to the center of the tolerance allowed. 
and the poorest at the extreme, especially those mating 
parts which wear and a purchaser has a right to expect a 
large part of the contract to be of good quality. He con- 
sents to accept any work which is between the extremes, but 
he does not agree to take any which is known to be outside 


“>? 


The following extract from the report of a Commission appointed by 
Charles I relative to Arms and Armour, in 1631, brings to mind 
very forcibly the great difficulties experienced by the Ordnance De 
partment, caused by lack of standardization of matériel anil changes 
which were made from time to time for correction of defects, and is 
also of interest in connection with our new development program. 

“And because we are credibly given to understand that the often 
and continued altering and changing of the fashion of arms and armour, 
some counties and parts of the kingdom having armours of one fashion 
and some of another, do put many of our subjects to a great and 
unnecessary charge and more than need requirable; for the avoiding 


thereof our will and pleasure is, and we do hereby appoint and 
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the preseribed limits and if he has to take this risk he 
should not be expected to pay more than salvage price. 

Many manufacturers think that all of the tolerances 
shown on the drawing should be taken, and in attempting 
to do so have large rejections. The manufacturers who 
have had experience in interchangeable manutacture aim 
for near the eenter of the tolerance and then the remaining 
tolerance is left for wear of tools and inattention of opera- 
tors. This method is very good practice—it produces bet- 
ter work, helps to train good workmen, and the prqduet 
readily passes inspection. A marksman shooting at a tar- 
get scores every shot inside the outer ring, but he does not 
score as much as if he hits the bull’s-eye. The oftener he 
hits the bull’s-eye the better marksman he is, henee he does 
not aim for the outer ring but the center, and the distance 
from the outside ring to the center is his tolerance, or the 
inaccuracy which allows him any score at all. 

The good workman and the best manufacturers hit the 
bull’s-eye often; that is, their work is not just on the line 
where it requires a decision of the Supreme Court to ac- 
cept or reject it, but is enough inside to be sure of accept- 
ance, 

The value of a product so far as dimensions are concerned 
is its uniformity within the tolerances at a point where its 
functional performance is the best, and this is usually near 
the center of the tolerance. The manufacturer who 
sistently follows this rule is bound to establish a good repu- 


con- 


tation and obtain work in preference to those who always 
have trouble because they try to take all the tolerance and 
so have a wide variation in the work. 

The illustration of the gages needed for the acceptance 
of a 75 ~um. shell gives one an idea of the importance of 
the gage problem, and how necessary it is in time of peace 
to be prepared as far as possible with sets of gages for each 
piece of standardized Ordnance material. 

It takes seventy-seven gages and checks at an approxi- 
mate cost of $2,200 for this one particular shell which was 
used so extensively during the last war. Millions of these 
shells were manufactured and a number of sets of gages 
had to be provided accordingly. 

Take all the rest of Ordnance material from a 22-ealiber 
bullet to a 16-inch railway mount and one ean picture the 
number of designs that have to be laid down and the tre- 
mendous amount of highly specialized engineering skill 
that is needed to provide gages for the Ordnance program. 

A gage designer, in order to lay down practical and 
economical gages, must be familiar with shop practice and 
also with the very difficult problem of tolerances on inter- 
changeable materiel. All this work should and could, to a 
large extent, be carried out before any emergency arises, 
when the element of time is not such an important factor. 

The Gage Section activities will be devoted to these 
various engineering problems, developing new and more 
practical gages and tolerances, and eliminating the con- 
‘usion that existed at the beginning of the World War. 
[ts aim is to establish policies that will be capable of quick 
expansion should another emergency arise. 


Twas Ever Thus” 


there 
common and 


command that hereafter shall be but one uniform fashion 
of armour of the said bands throughout our 
said Kingdom of England and dominion of Wales, whereas any of the 


made, and that form and 


trained 


said Armours shall be supplied, and new 
fashion of armour shall be agreeable to the last and 
lately 
our council of War (the patterns whereof are now and shall remain 
in the office of our ordnance from time, which is our pleasure likewis« 
concerning guns, pikes and bandaliers whereof patterns ar ind 
shall remain from time to time in our said Office).” 


modern fashion 


set down and appointed to be used by the lords and others of 


Quoted by Sir S. D. Scott, in The British Army 











































































































The General Supply Division, 
Field Service 


By 





L. D. BOOTH 


Member A.O. A. 


(Colonel Booth, the present Chief of the General Supply Division, Ordnance Field Service, was Ordnance Officer of our 
In referring to the attack by this division, in co-operation with 


Division and the Australian Corps, upon the “impregnable” Hindenburg Line at Le Cateau General Pershing states in 


from the date of its organization until October, 1918. 


gallant Thirtieth Division 
our Twenty-Seventh 
his final report, “In 


this attack, carried out on September 29 and October 1, the Thirtieth Division speedily broke through the main line of defense, and cap 


tured all of its objectives . . 
For his excellent handling of tt 
quarters First Army, and later, 
bandment of the First Army as an organization. 


Ordnance Field Service, which forms the basis of operation of that service to-day. 


ne problem of Ordnance supply in this operation, Colonel Booth was appointed Ordnance ; 
Chief Ordnance Officer, First Army, in which capacity he served until April 20, 1919, the date of the dis- 
From April until June, he was a member of the board appointed to prepare the Manual for 


Supply Officer, Head- 


Since July 1, 1919, he has served continuously as Chief of 


the General Supply Division, and, in addition served as Chief of Ordnance Field Service from August 20, 1920 until January 6, 1921, when he 


was succeeded by General Burr, the present Chief.—Ep.) 


Function of Division 


HE function of the General Supply Division of 
Ordnance Field Service, subject to such restrictions 
as may be imposed by the General Staff, is to: 

Establish, organize, operate, inspect and maintain re- 
serve, intermediate, base and advance depots, or sections 
thereof in case of general depots, for the supply of all 
Ordnance supplies other than ammunition and explosives. 

Direct the distribution and supervise the receipt, storage 
and issue of supplies other than ammunition. 

Supervise the preservation from deterioration of Ord- 
nance supplies other than ammunition. 

Organize, train and control officers and troops for tech- 
nical supply service. 

Establish and maintain such salvage service as is neces- 
sary and consistent with regulations. 

Generally speaking, the duty of the General Supply Di- 
vision is to store and issue all equipment and supplies, 
other than ammunition, which have been assigned by the 
Secretary of War to the Chief of Ordnance for storage and 
issue to the service in general. This work divides itself into 
three phases, namely; storage prior to issue, preservation 
of supplies while in storage, and the distribution of the 
stores from the manufacturing plants through the reserve, 
intermediate and advance depots to the depots which 
actually make the issues to troops. 


Supply System Based on War Experiences 

When we entered the World War in 1917, not only had 
there been nothing published showing the general scheme 
for general supply depots in the zone of the interior, but 
there was almost no information available on the layout, 
organization and method of operation of depots for a 
theater of operations. As a consequence, our depot com 
manders began operation with an organization built partly 
on theory and partly on the experience of our allies. In 
order that a logical and efficient organization might be built 
up in as short a time as possible, it was realized that we 
must take advantage of the experience gained by our allies, 
consequently, several officers were sent to the British supply 
depots to make a thorough study of their system. From 
the reports of these officers, and from our own experience, 
as activities increased and our problems became more defi- 
nite, we arrived at a very satisfactory, workable organiza- 
tion. When the Armistice was signed we had a system and 
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organization built on sound principles. The Chief Ord- 
nance Officer of the A. E. F., realizing this, sent out in- 
structions immediately after the Armistice to all Ordnance 
officers commanding Ordnance establishments, or organi- 
zations, directing them to submit to his office detailed re- 
ports showing their organization and methods of operation, 
and to embody therein any recommendations for changes 
which they thought should be made. In April, 1919, a 
board of six officers was convened at Tours, the head- 
quarters of the S. O. S., to study these reports and to then 
prepare a manual for Ordnance field service. The result 
is the “Provisional Manual for Ordnance Field Service,” 
published by the War Department in September, 1919. 
This manual covers all phases of Ordnance work in the 
theater of operations, and at the same time is applicable 
to Ordnance work in the field in time of peace. That part 
of the manual which deals with the general supply system 
gives the layout for a typical general Ordnance depot, and 
deseribes the organization, method of operation and _per- 
sonnel required for Ordnance depots in the theatre of oper- 
ations. Our present scheme of supply insofar as concerns 
storage classifications, depot organization, classification of 
stores and control of stocks in their movement from on¢ 
depot to another, is based on this system as used in the 
theatre of operations during the war. 

Outline of Discussion. In the diseussion which follows, it 
is hoped to give the reader, without bothering him with 
details, a fair coneeption of how the General Supply Di- 
vision performs its task of handling Ordnance stores from 
the time they are procured from the manufacturer until 
they are delivered to the troops. The subjects to be dis- 
eussed are: Storage facilities, which classifies the different 
depots in the warehouse system with the kind of supplies 
in each; flow of supplies, which shows how the supplies 
move through the different depots to the troops; Ordnanee 
provision system, which explains the method used to keep 
the depots supplied with stores, and to furnish information 
to the Ordnance office for its use in computing requirements 
of stocks; method used in making distribution to the 
troops; and preservation of supplies while in storage. 

Storage Facilities 

Storage for supplies prior to their issue is elassified, 
First, in the zone of the interior, as, 

(a) Reserve storage, which includes reserve depots desig- 
nated as such by order of the Secretary of War, primarily 
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for the storage of the reserve supplies of the War Depart- 
ment. ‘The termination of the World War left the Ord- 
nance Department with an enormous amount of equipment 
and supplies on hand which would be of little value to the 
commercial world, but of great value to the nation in time 
of an emergency. ‘These supplies were collected from the 
manufacturers and properly prepared for storage in the 
reserve depots. Ordinarily, a reserve storage depot has 
assigned to it only the supplies of a particular class. For 
instance, one depot will be designated to handle all fire 
control equipment, another all artillery pertaining to per 
manent emplacements, another all small arms and machine 
guns, another all mobile artillery pertaining to a tactical 
division, while to another would be assigned the heavy 
mobile artillery and motor equipment. The supplies are 
stored according to the Ordnance group system explained 
later in this article, except where complete unit equipment 
is required to be assembled for initial equipment of organ 
ations. In the latter case the equipment is prepared and 
placed so as to ship out a complete unit with as little con 
fusion and loss of time as possible. 

(b) Intermediate storage establishments consist of such 
plants, arsenals, or depots as have been assigned to receive 
and store equipment and supplies in bulk. They act as 
wholesale warehouses to the area and station depots, and 
geographically as to give 
Normal] 
these depots are required to keep supplies on hand suf 
These 


establishments would also supply embarkation depots and 


consequently are so located 


prompt service to the area which they serve. 
ficient to meet the requirements for three months. 


depots located in the theatre of operations. 

(c) Embarkation storage, which includes depots for th 
supply of overseas expeditions. 

(d) The area storage establishments are those depots as 
signed to store all supplies and equipment needed by the 
troops of a given geographical area. Normally these estab- 
lshments act as intermediaries between the intermediate 
depots and the station depots, but in some eases they make 
issues direct to troop organizations. They naturally earry 
in stock many classes of equipment depending upon the 
amament of the troops within their territory. This stock 
is fixed at a quantity sufficient to meet the requirements of 
the area for three months. 

(e) Station storage consists of small depots which are 
ued as the local distributing agencies for such supplies as 
are needed for the 


stations. 


to their 
Stoeks sufficient for one month’s consumption 
are kept on hand. 


troops assigned respective 


second, in the theatre of operations. 


(a) Base Depots, which are the supply. depots in the 
base Section, Communications Zone, Theatre of Operations, 
that receive supplies trom the Zone of the Interior. or other 


surece extraneous to the 


Theatre of ( )perat ions. 


(b) Advance Depots, which are the supply depots in the 


Advance Section, Communications Zone, Theatre of Oper- 
ations, that receive supplies from the rear primarily for 
issue to the army. 


(c) Intermediate Depots, which are the Supply Depots 


in the Intermediate Section, Communieations Zone, Theatre 
% Operations, which is interposed between the Base and 


Advance Sections when necessary beeause of extensive 
distance. In special eases the same depots may serve 


Base and Advance Depots. : 

(d) Supply establishments in the Combat Zone. for sup- 
plies other than ammunition. These establishments are of 
wo elasses, Ordnance Shops, for supply of all parts needed 


DY the shop personnel in making repairs, and Depots for 


the supply of all other general equipment. These shops 
and depots issue direct to troops. Our experience in the 
World War taught us that it was essential to have general 
supply establishments in the Combat Zone for the troops 
to draw from instead of having supplies shipped to their 
railheads from the Advance Depots of the Communications 
Zone. 

The stocks to be kept on hand in the depots of the com- 
bat zone would ordinarily be sufficient to meet the needs of 
the troops for a period of ten days or two weeks. The 
quantities to be kept in store in the other classes of depots 
would inerease in each class as you go toward the rear. 

Flow of Supplies 
under normal 


From the chart it will be seen that 


CHART SHOWING FLOW OF SUPPLIES 





ZONE OF THE INTERIOR (PEACE OR WAR 


MearRATOR 


THEATRE OF OPERATIONS (WAR 
COMMUN aT wS ZONE mea’ JON 


nTeRmeoiare Devrors ADVANCE 


peace conditions the supplies come from the manufacturer 
to the reserve depots, thence to the area depots through the 
intermediate establishments. From the area depots they 
go to the station depots where they are issued to the 
troops. In time of war the base depots of the theatre of 
operations would be supplied by the reserve or intermedi- 


ate depots, 


but through the embarkation depots in case of 
While this diagram 
normal channel through which the supplies pass, it must be 


verseas operations. represents the 


horne in mind that exceptions must be made to meet exist 


ine conditions. For instanee, it might be necessat to 
ake shipments of supplies direct fxgom the reserve or 
intermediate depots to the statior aepots, oO! [ro 
intermediate depot to another. 

Depot Oraanization. In the above discussion an atte pt 


has been made to explain the plan for housing supplies 
and the relation one depot bears to the other in the « 

plete storage system. ‘To accomplish the ultimate object 
of a general supply branch, which is to keep the troops 
equipped for action, an appropriate chain of warehouses 
must be supplemented by the necessary operating personnel 
and by simple and effective systems for receiving, issuing 
and accounting for supplies and for providing the depots 
In this article it is not thought 
necessary to discuss the personnel organization and issue 


with the required stocks. 


system as these are fully explained in the Manual for Ord- 
nanee Field Service. A brief description of the Ordnance 
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Provision System, adopted during the war, for maintaining battery and store wagons and sub-caliber guns, with all 
stocks at the depots, will be given below. equipment necessary for operation and maneuvers. (Hgy. 
ness to be stored by Ordnance Department with resery 
Divisions. ) 







Provision System 
In the final analysis, the specific mission of the Ordnance 
Provision System is to maintain the stocks of supply es- 
tablishments, under the control of the Chief of Ordnance, Mobile Artillery larger than 6-inch calibers, with thei 
at their maximum authorized allowance. It may be defined carriages, mounts, caissons, limbers, reels, reel carts, battery 
as the operating machinery used by the depots in reviewing and store wagons, sub-caliber guns, Anti-Aireraft Artillery 





Group D. 











the status of their stocks and in transmitting this informa- trench mortars (except 4-inch Stokes), and all equipment 
tion, together with their demands for stock replenishment, necessary for operation and maneuvers. (Same as “( 
to the Ordnance office, and by the Ordnance Office in filling for horse-drawn.) 

the demands and tabulating the data needed for computing Group E. 






requirements. ‘To properly perform its funetion a pro- 
vision system must show first, the supplies on hand at each 
establishment; second, the demands for replenishment of 
stocks, and third, the issues for a definite period, the issue 
to other depots and to troops being shown separately. 

In the operation of the provision system six blank forms 
are used; viz, Review Sheet, Abstract of Reviews, Consoli- 
dated Review Records, Dues in sheet, Dues out sheet, and 
Transfer Order. Where the number of different items 
handled runs into the thousands, such as is the ease with Instruments used for range finding, control and obserys- 
the Ordnance Department, some logical arrangement in tion of fire by Mobile troops and at permanent or seni. 
classes or groups must be made, and a nomenclature list permanent emplacements, with their cases, pouches, chests 
and tripods, excepting sights for Aireraft machine guns 





Railway Artillery and Artillery in permanent or seyj. 
permanent emplacements with their carriages, mounts, ear, 








and all equipment necessary for operation and manuevers, 
Sub-ealiber guns and sub-ealiber cartridges. Saluting Gung 
Articles of drafting equipment necessary for the complete 
equipment of such units as may be determined upon for 










reserve storage. 







Group F. 











for each group prepared. 
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Recuperators for 75-mm. Gun Carriage in Storage 
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75-mm. Guns in Storage 


Storage and dry batteries used with fire control equipment. 





The arrangement adopted has been to list all supplies 
which are assigned to the Ordnance Department for storage Field glasses and watches. 

























and issue caer a — . groupe, age gutc = Group G. 
major items of a similar character wi e spare parts an - : - pd a _ 
a) ; pha P P ranks, Artillery Tractors, Tractor and Trailer Caissons, 


accessories peculiar to each major item. Where parts, such Tesster Caste, Asmered Meter Gare, Mobile Galea 
as standard commercial items, are common to two or more 
major articles, they are placed in one general group. This 
is done to avoid dividing the supply of a particular item 
among several groups with the probable result of an ac- 
cumulation in one group, and a shortage in another, unless 
an excessive amount be kept on hand. The following 
shows the present grouping of all Ordnance supplies: 


Repair Shop Trucks and Trailers, Light Repair Shop 
Trucks, Anti-Aireraft Machine Gun Trailers, Trailers for 
75-mm. Gun and Limbers (for shop), 10-ton Trailers (for 
tanks), complete for original issue. Spare parts and ae 
cessories for above, except those specifically listed for issue 
by the Quartermaster Corps. Oxygen and acetylene gas 
used in Ordnance repair work. 
Group A. Group H. 

. Machine guns, automatic rifles, 37-mm. guns, machine Targets, with all material and equipment necessary for 
gun carts, including all accessories and appendages neces- operation. Special hand and machine tools and their spare 
sary to make the major item complete for use, including parts and accessories; hardware, bolts, nuts; raw and par- 
harness and pack equipment. tially finished material, sheet bars and billets that may be 

required for Ordnance work in the field and at Ordnance 

Small arms, with all their accessories and appendages — oe en _ ay cohen Oils for recall 
’ ’ sate Para wis 6** mechanisms for Artillery. Special eutting compounds re 
necessary to make the major item complete for use. Hand quired for Ordnance work. 

arms, with their seabbards and spare parts. Arm chests, 

arm lockers and arm racks. Tools: for reloading small 

arms ammunition, complete. Arm repair chests, armorer’s Seacoast Railway and Anti-Aireraft Artillery ammuti- 


tool chests and pistol cleaning kits, with their contents. tion (this ineludes all shell, propelling charges, primers and 
fuses necessary to make up completé rounds). 


Group B. 


Group P. 


Group C. 


Mobile Artillery up to and ineluding 6-inch ealibers, with Group R. 
their carriages, mounts, caissons, limbers, reels, reel carts, Mobile artillery ammunition (this ineludes all primers, 
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fuses and propelling charges necessary to make up com- 
plete rounds). 
Group 8. 

Trench warfare ammunition, excepting chemical ammu- 
nition used exclusively by Chemical Warfare troops, and 
aerial armament ammunition and pyrotechnics, bomb sights 


and bom) releases. (Complete rounds. ) 


Group T. 


Small Arms ammunition. (Complete rounds.) 


Group V. 
High and low explosives, and raw materials therefor. 
Group W. 

Machined components of ammunition (shell, trench war 
fare, pyrotechnics, and niiscellaneous components). 

The nomenclature is published in Review Lists which are 
made out aecording to groups and each list contains the 
names, alphabetically arranged, of all parts pertaining to 
a particular major article. 

The operation of the provision system is essentially as 
follows: A provision officer is appointed for each depot, 

















75-mm. Gun Ca:riages in Storage 


who is held responsible that the stocks are maintained up 
to the authorized allowance. A Review Sheet is prepared 
for each and every item of property, and on the dates 
specified in the review schedule, published from the Ord- 
nance Office, the status of the items is reviewed. This is 
done by transferring the necessary data to the review sheets 
from the stock record eard, which is a ecard prescribed by 
the War Department as the permanent record in the prop- 
erty accounting system, and the dues-in and dues-out sheets. 
The completed review sheets are then. sent to the office of 
the provision officer, where the consolidated reports known 
Each abstraet contains 
only items pertaining to a, single group. The abstracts 
Irom all groups are then collected and sent to the Ordnance 
Office. All depots review the same items on the same date, 
and when the abstracts are received in the Ordnance Office 
the information thereon is entered on the Consolidated 
Review Reeords, one sheet of which is provided for each 
item. When the abstracts from all depots have been en- 
tered, the status of each item is shown on one sheet. Trans- 
ler orders are then made out for the necessary movement 
of supplies. The total issues are shown on the Consolidated 
Review Record, and from the issues to troops the require- 
ments for a specifie period are computed. 


as Abstract of Reviews, are made. 


‘he Ordnance Provision System Manual will, in the near 
luture, be printed, and will contain a description of the 
system, a schedule for reviews, and a complete set of review 
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lists showing the correct nomenclature for all Ordnance 
items. The complete book will be of service only to Ord- 
nance establishments. Booklets will be made up of review 
lists peculiar to the different regimental or separate organ- 
izations for their use in making out requisitions. 


Distribution to Troops 

(a) In the zone of the interior, 

When supplies reach the area and station depots they 
come under the control of the officer commanding troops. 
These are the depots which make issues direct to troops on 
requisitions approved by the commanding officers of the 
organizations. With the exception of certain regulated 
stores, the issue of which must be approved by higher au- 
thority, the issue depots keep on hand a local stock suf- 
ficient to meet the needs of the organizations they supply 
for a period of one month. 

Requisitions for regulated stores and for replenishment 
of stocks in the area and station depots are submitted to 
the Headquarters of the area in which the depots are 
After approval they are then sent to an inter- 
where the requisition 


located. 
mediate depot for supply, except 
ealls for articles the issue of which must have the approval 
of the Chief of the branch concerned. The requisition pro- 
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cedure for ordnance stores is covered by Ordnance Field 
Service Bulletin No. 2, revised April 27, 1920. 


(b) In the Combat Zone. 


The Army depots make the issues to troops. Requisitions 
for regulated stores and for replenishment of stocks for 
the depots are sent to the Headquarters of the Army, or 
independent foree, and after approval are sent, through the 
regulating office, to the advance depots, communications 
zone, for supply. 
Preservation of Supplies in Storage 

It goes almost without saying, that one of the inherent 
responsibilities of any organization whose function it is to 
store and issue supplies is that of properly preserving the 
sime from deterioration or damage while in storage. This 
responsibility, where vast quantities of stores are con- 
cerned, and where the supplies are subject to a prolonged 
period of storage, is of the utmost importance. Under our 
present organization the General Supply and Maintenance 
Divisions are jointly responsible that there is no deteriora- 
tion or damage of equipment and supplies while in storage. 
The work of the Maintenance Division is essentially of a 
technical nature, while that of the General Supply Division 
requires primarily the exercise of care and good judgment 
in the performance of its duties. 

Consequently, the dividing line between the duties of the 
two divisions is not hard to fix. The General Supply 
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Division discharges its responsibilities by the selection of 
the proper kind of storage for the different classes of 
supplies, by the timely turnover of articles according to 
their perishability, and by the application of preservatives 
such as paints, greases and oils except when the condition 
of the article is such that a general overhaul is required, 
in which ease it is turned over to the Maintenance Division 
to be put in proper condition. The Maintenance Division 
is responsible for the inspection and maintenance of sup- 
plies of a nature requiring the attention of mechanies, 
such as recuperators, gas engines, fire control instruments. 
ete., and for the repair of damage to supplies in store or 
about to be stored. The Ordnance Department is charged 
with the storage and issue of a class of supplies which is 
almost wholly technical and ranges from the large railway 
artillery guns and equipment down to delicate optical in- 


struments and watches. In looking over this list of equip- 


Under authority of Section 9, National Defense Act, as amended 
by Act of Congress, June 4, 1920, the following policy regarding pro 
curement, storage, and issue of supplies has been announced by the 
War Department. 

The term “supplies” will be understood to include all raw materials, 
commodities, manufactured articles, means of transportation, and 
assemblages of articles necessary for the Military Establishment. 
Supplies are divided into general supplies, embracing all supplies of 
standard manufacture and those common to two or more branches of 
the Army; and special supplies, embracing those special or technical 
articles (in process of development or not commercially standardized) 
issued or used exclusively by any one supply branch. 

Storage in the zone of the interior is classified as: Reserve storage, 
which includes reserve depots designated as such by the Secretary of 
War, primarily for the storage of the reserve supplies of the War 
Department; intermediate storage, which includes depots, whether lo- 
cated at Government manufacturing plants or elsewhere, for the col- 
lection and storage of supplies primarily for issues in bulk to tervi- 
torial commands and theaters of operations; embarkation storage, which 
includes base depots, primarily for the supply of oversea expeditions; 
area storage, which includes such depots as may be specifically as 
signed by the Secretary of War for the storage and issue of supplies 
solely within the limits of particular territorial commands; station 
storage, which includes post, camp, and station facilities for 
the local issue of supplies to troops. 

General depots are those containing supplies stored by more than one 
supply branch; and the parts thereof assigned to supply branches for 
storage are designated as sections with appropriate names. Branch 
depots are those containing supplies assigned for storage to a single 
supply branch, and will be distinguished by the name of the appro- 
priate supply branch. 

Under the policy governing procurement, the Quartermaster General 
procures all general supplies and all storage space required by the War 
Department. Chiefs of supply branches procure such special supplies 
pertaining to their respective branches as may be directed by order 
of the Secretary of War. They furnish the Quartermaster General with 
all necessary information pertaining to general supplies procured by 
him for their respective branches, including statement of requirements; 
time of delivery; specifications, packing size and weight; such tech- 
nical officers as may be necessary for inspection during manufacture 
and for acceptance, to be detailed by order of the Secretary of War; 
and ‘shipping instructions, when required, giving destination of 
articles after procurement. 

Under the policy governing storage, storage space in the zone of 
the interior is allotted to the supply branches by order of the 
Secretary of War. The Quartermaster General keeps adequate records 
of all storage space owned or leased by the War Department, in- 
cluding its disposition and utilization. The chief of each supply 
branch having storage functions makes application to The Adjutant 
General of the Army for any additional] storage space that may be 
required from time to time by his branch, and also reports to The 
Adjutant General of the Army whenever any storage space allotted 
to him becomes surplus. 

Existing depots which are to be continued have been designated 
and classified by order of the Secretary of War as follows: 

GENERAL RESERVE DEPOTS. 

Charleston General Reserve Depot, Charleston, S. C.; (a) Columbus 
General Reserve Depot, Columbus, Ohio; New Cumberland General 
Reserve Depot, New Cumberland, Pa.; (a) Schenectady General Re- 
serve Depot, Schenectady, N. Y 


storage 


BRANCH RESERVE DEPOTS. 
Ordnance Department. 

Aberdeen Ordance Reserve Depot, Aberdeen Proving Ground, Md.; 
Amatol Ordnance Reserve Depot, Amatol Arsenal, N. J.; Curtis Bay 
Ordnance Reserve Depot, Curtis Bay, Md.; Delaware Ordnance Re- 
serve Depot, Pedricktown, N. J.; Erie Ordnance Reserve Depot, Erie 


Proving Ground, Ohio; Frankford Ordnance Reserve Depot, Frank- 
ford Arsenal, Pa.; Middletown Ordnance Reserve Depot, Middletown, 
Pa.; Old Hickory Ordnance Reserve Depot, Old Hickory Arsenal, 
Tenn.; Penniman Ordnance Reserve Depot, Penniman, Va.; Pig 


Point Ordnance Reserve Depot, Pig Point, Va.; (a) Raritan Ordnance 
Reserve Depot, Raritan Arsenal, N. J.; Savanna Ordnance Reserve 





Storage of Supplies for the Army 
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ment one must appreciate the fact that the different classes 
of articles require storage facilities of a different class for 
their proper protection. For instance, the delicate opticg) 
instruments are easily damaged by dust, moisture and ex. 
cessive changes in temperature. Such instruments myst 
be stored in warm, dry places free from dust and grit. 
Certain classes of supplies, such as rubber tires and leather 
components, will deteriorate by prolonged storage, so it jg 
essential that articles of this nature be given a timely tur. 
over. Issues are made from the articles which have been 
longest in stock, and the replacement made by new stocks. 
All gas engines must be periodically turned over and all 
highly polished and bearing surfaces of all equipment 
carefully inspected and oiled to insure against rust and 
consequent deterioration. These duties are performed 
under the supervision of the trained personnel of the Main. 


tenance Division. 








Pines Ordnance 


Reserve 


Depot, Savanna Proving Ground, IIll.; Seven 


Depot, Seven Pines, Richmond, Va.; Sparta Ordnance Reserve Depot 
Sparta, Wis.; Toledo Ordnance Reserve Depot, Toledo, Ohio: Tully. 
town Ordnance Reserve Depot, Tullytown, Pa.:; Wingate Ordnance 


Reserve Depot, Wingate, N. M.; Woodbury Ordnance Reserve Depot, 
Westville, N. J. 
Chemical Warfare Service. 
(a) Edgewood Chemical Warfare Reserve Depot, Edgewood Arsenal, 
Md. 


fir Service. 


Buffalo, N. Y.; 
Engine Plant, 


Long Island 
Long Island 


Curtiss Elmwood Air Reserve Depot, 
Air Reserve Depot, U. S. Aeronautical 
City, N. Y. 

DEPOTS 


GENERAL INTERMEDIATE 


Atlanta General Intermediate Depot, Atlanta, Ga.; Boston General 
Intermediate Depot, Boston, Mass.; Chicago General Intermediate 


Depot, Chicago, Ill.; New Orleans General Intermediate Depot, New 
Orleans, La.; New York General Intermediate Depot, New York, N. Y.; 
Norfolk General Intermediate Depot, Norfolk, Va.;: San Francisco 
General Intermediate Depot, San Francisco, Cal.; Seattle General In- 
termediate Depot, Seattle, Wash.; St. Louis General Intermediate 
Depot, St. Louis, Mo.; Washington General Intermediate Depot, Wash- 
ington, D. C., 

INTERMEDIATE DEPOTS. 
De partment. 


BRANCH 
Ordnance 
Augusta Arsenal, Ga.; Beni 
Benicia Arsenal, Cal.; Rock Island 
Island Arsenal, Ill.; San Antonio 
Antonio, Tex. 


Augusta Ordnance Intermediate Depot 
cia Ordnance Intermediate Depot 

Ordnance Intermediate Depot, Rock 
Ordnance Intermediate Depot, San 


fir Service 
Americus Air Intermediate Depot, Americus, Ga.; Fairfield Air 


Intermediate Depot, Fairfield, Ohio; Little Rock Air Intermediate 
Depot, Little Rock, Ark.; Middletown Air Intermediate Depot, Middle- 


town, Pa.; Montgomery Air Intermediate Depot, Montgomery, Ala.; 
Richmond Air Intermediate Depot, Richmond, Va.; Rockwell Air In 
termediate Depot, San Diego, Cal.; San Antonio Air Intermediate 


Depot, Kelly Field, San Antonio, Tex. 


Quartermaster Corps. 


Baltimore Quartermaster Intermediate Depot, Baltimore, Md.; Jef 
fersonville Quartermaster Intermediate Depot, Jeffersonville, Ind.; 
Omaha Quartermaster Intermediate Depot, Omaha, Nebr.; Philadel- 
phia Quartermaster Intermediate Depot, Philadelphia, Pa.; Pittsburgh 
Quartermaster Intermediate Depot, Pittsburgh, Pa.; (b) Holabird 
Quartermaster Intermediate Depot, Camp Holabird, Md.; (b) Jesup 
Quartermaster Intermediate Depot, Camp Jesup, Ga.; (b) Normoyle 
Quartermaster Intermediate Depot, Camp Normoyle, Tex.; (c) Front 


Royal Quartermaster Intermediate Depot, Front Royal, Va.; (c) Keogh 


Quartermaster Intermediate Depot, Fort Keogh, Mont.; (c) Reno 
Quartermaster Intermediate Depot, Fort Reno, Okla.; (c) Robinson 
Quartermaster Intermediate Depot, Fort Robinson, Nebr. 
GENERAL AREA DEPOTS. 
Eighth Corps Area, 
Eighth Corps General Area Depot No. 1, El Paso, Tex.; Eighth 
Corps General Area Depot No. 2, San Antonio, Tex. 
Hawaiian Department. 
Hawaiian General Area Depot. 
Panama Canal Department. 
Panama General Area Depot. 
Philippine Department. 
Philippine General Area Depot. 
Notes: (a) Will function also as an Intermediate Depot until such 


time as distribution of supplies into intermediate storage can be made 
This refers to Engineer supplies only at the Columbus and Schenec 
tady General Reserve Depots. 

(b) Motor. 

(c) Remount. 
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Aircraft Machine Guns 


By 


WALTER T. GORTON 


Member 


A.O.A 


[Captain Gorton is in charge of the design and development of Aircraft Machine Guns, at the Dayton Branch, Aircraft Armament Division, 
Ordnance Department.—EbD. ] 


HE machine gun is the premier weapon in the strug- 
gle between the fighting forces of the air. Other 
weapons, such as bombs and larger ealibered guns 
of special design are used in attacking ground targets and 
in meeting attacks from the ground, but the airman de- 
pends on his machine guns in his endeavor to destroy 











\ four-gun Lewis installation 


The upper mount carries the usual twin gun equipment used by observers 


enemy fliers and, while thus busily engaged, to prevent 
his own destruction by opponents equally determined and 
enterprising. It is interesting to note that when opportunity 
offers he also occasionally finds it extremely useful for 
shooting up such ground targets as trenches, columns, 
trains, and in general any target which can be raked and 
is susceptible to damage by machine-gun fire. Other 
weapons have been tried, and some of them, as for instance, 
the 37-mm. gun, may prove very useful, but there is every 
ind‘eation that the mainstay in erial fighting will remain 
what is now, and has been since the first trial, the aireraft 
machine gun. It will not be, however, simply a machine 
gun attached, in a more or less makeshift way, to the plane 
which carries it, but an aircraft weapon, designed and 
built for this use and no other. The distinction is import- 
ant and will be discussed more in detail later im this article. 

Why the machine, gun should be the weapon par excel- 
lence for combat in the air is a question which naturally 
arises. The reasons are two in number: namely, the air- 


plane and the machine gun itself. As a target the airplane 
is easily damaged by machine-gun fire—as it is, indeed, by 
any other fire which registers a hit. The obvious difficulty 
is to make hits upon it. Speed is the essence of the per- 
formance of a plane in flight, and, consequently, a rapid- 
firing gun, which can be easily trained, is the only style of 




















4 classic example of synchronized machine gun installation used by American 
pilots in the World War. Twin Vickers guns mounted in Spad pursuit plane 


weapon suitable for use against it. As a gun mount, the 
airplane is beset with the many limitations imposed by its 
own peculiar characteristics. Space is at a premium, only 
very little weight can be carried, and structural considera- 
tions prohibit any great amount of recoil. The only pos- 
sible solution for the problem thus presented is the machine 
gun. It is the only effeetive weapon which can be readily 
earried, and the coincidence is that it happens to be a very 
effective one. Aerial fighting, then, is machine-gun fight- 
ing, and inherently so. This fact does not tend to make it 
any the more comfortable. 

How did it all start? Needless to say, it was not brought 
into being by a careful theoretical analysis of the tactical 
requirements and the means at hand for meeting them. 
Far from it. In a melee the procedure long established as 
orthodox is to use with enthusiasm whatever implement 
happens to be handy, and in the case in point this is exact 
ly what was done. The machine gun was handy and hence 


was seized upon for trial as a possible means of reducing 
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the effectiveness of enemy artillery observation which had 
become alarmingly efficient. The results on all sides were 
far beyond all expectations, and from the first venture it 
was apparent that the right weapon had been found. It 
has been most truly said that flying was ruined when air- 
planes began to sprout guns and the air became part of 
the zone of hostilities. Seareely had the art of flying ad- 
vanced beyond its own earlier dangers before this new 
hazard was suddenly injected by the Fates and battles 
above the clouds, heretofore the dream of only the wildest 
romancer, became a stern reality, but, nevertheless, simply 
a part of the day’s work for the military flier. 

Like so many other unpleasant things, this method of 
fighting developed during the World War. No one knows 
just when or how it started. Certainly, the possibility of 
the use of machine guns on aireraft had been discussed be- 
fore this time, and, indeed, in the early days of the War 
the French had several heavy planes equipped with them, 
although these machines were not of a type suitable for 
use at the front. The eredit for the first trial of a machine 
gun in the air is, however, due to this country, for in June 
of 1912 a Lewis gun was successfully fired from a plane in 
flight, but nothing further was done to continue this de- 
velopment until there arose the necessity for action im- 
posed by war. 

The first recorded aerial combat oceurred on the Eastern 
Front during the early days of the World War. Previous 
to this time military aireraft activity had been confined 
strietly to observation, partly because it was a novel as well 
as a new development, and partly, perhaps, because all 
coneerned seemed to think that the aviator was taking his 
full share of risk by flying without molestation. Observa- 
tion, however, meant direction of artillery fire, and the 
use of artillery was not by any means a new departure 
even though flying was. The result was that the artillery, 
through the aid of the new means of observation, developed 
at a bound to a vastly inereased degree of effectiveness. 
Henee, the enemy aviator, calmly riding about overhead, un- 
interrupted in his occupation of guiding high-explosive to 
the points where it would do the most damage, became ex- 
ceedingly unpopular. This dislike was manifested by the 
ground troops by taking pot-shots at the intruder with the 
weapons at hand, these being everything from a pistol to 
a battery. Such firing was, of course, not especially ef- 
fective, for it became evident from the first that a plane in 
flight is a very elusive target. About the only result ob- 
tained was that the observers were foreed to fly higher but, 
nevertheless, they continued to fly and to report with un- 
abated effectiveness. 

These conditions led to more or less of a coolness between 
opposing aviators who had heretofore looked upon each 
other rather as members of the same sporting fraternity 
who had no direct personal concern with the struggle be- 
neath them. So one day when a Russian aviator chanced 
to meet an Austrian flving over the line he determined to 
wreck his adversary and thus prevent him securing in- 
formation bound to result in damage to the Russian 
forces. Both were, of course, unarmed, and so the method 
adopted by the attacker was a variety of ramming, the 
idea being to upset the Austrian machine and still not be- 
come upset himself. The results were not entirely accord- 
ing to plan, for though the enemy plane was upset, it be- 
‘ame fouled with the other and both crashed. This was the 
beginning, and from then on the air was considered as part 
of the zone of active military operations. Ramming having 
proved inadvisable, aviators gave each other a wide berth 
unless attacking, and earried pistols, rifles or shot-guns 


















































with which to snipe at each other as opportunity offered. 
Needless to say, such firing seldom resulted in any damage 
because of the difficulty of getting in a telling shot except 
by accident. 

Meanwhile, the work of observation went merrily on, 
practically withont interruption and with constantly in- 
creasing effectiveness, heedless of the—no one knows how 
many—councils and consultations called in the frantie en- 
deavor to devise some means of coping with the winged 
menace which might, perhaps, at any time guide a shell into 
the very midst of any of these emergency conferences on 
ways and means. It was alarmingly evident that some- 
thing had to be done, but for a time the question of what 
to do and how, baffled all efforts to devise a plan of action. 
And then, on the principle of fighting fire with fire, some 
unknown enterprising soul provided his plane with a ma- 
chine gun, whether by order of higher authority or on his 
own initiative remains a mystery, as does even the identity 
of the belligerent first making the new use of this weapon 
which had proved so effective on the ground. 

It was, of course, impossible to keep this application of 
the machine gun a secret, and so within a very short time 
all combatants were using them and the race in employing 
them most effectively was on. It goes without saying that 
the first attempts in this direction were crude, consisting, 
as they did, of only makeshift arrangements to earry and 
fire any existing machine guns available. The supply of 
guns was limited, too, and urgently in demand for use by 
the ground troops, so that as a result the ones more or less 
grudgingly released for aireraft were in some instances 
searcely serviceable. 

Lewis machine guns built for trench use were probably 
the first ones to be impressed in this new service. At any 
rate, they were the first ones to be employed by the Allied 
Forces, and they were mounted in two-seater planes for the 
use of the observers. These guns were chosen mainly be- 
cause they were obtainable, but also for the reason that 
they were of a compact, portable type, fairly light in 
weight, and their construction was such as to give some 
promise of suecessful application to aireraft use. No 
better choice could have been made, for the Lewis gun still 
remains the observer’s weapon in the French and British 
services, as well as our own. 

Now that the arming of planes had become an accepted 
fact, it was evident at once that in erial fighting speed 
played a very important part in the procedure of attack- 
ing successfully and getting away safely. The two-seater 
planes were not especially fast, but single-seater scout- 
planes, able to travel at high speed, were in use, and so the 
arming of these planes was the next step. Now, the pilot 
of an airplane is a very busy individual, and the project 
of adding to his already numerous duties those of a ma- 
chine gunner naturally involved certain difficulties. It 
was obviously impossible to expect a pilot to aim and fire 
a machine gun in the usual way, and so the seheme of 
mounting the gun rigidly so that it pointed straight ahead 
in the direction of flight was hit upon. This previded for 
aiming by steering straight for the target and firing was ar- 
ranged for by mounting a trigger on the control stick. The 
propeller, however, presented serious difficulties. These fast 
scout-planes were (and still are) of the tractor type, in 
which the engine and propeller are directly in front of the 
pilot. Hence, in order to avoid shooting the propeller off 
it was necessary to mount the gun so that it would fire 
outside the field swept by it. The only location found 
practicable for such a mount was on the upper wing of bi- 
plane machines, directly over the pilot’s head, and eonse- 











AIRCRAFT MACHINE GUNS 


quently this arrangement came to be known as upper plane 
mounting. Again, the Lewis gun was used, probably be- 
eause it was the only one available, but it so happened 
that this gun was better suited for such use than any other. 
It was still found, however, that even though this system 
was practicable it still had serious disadvantages. First 
of these was that the amount of firing which could be done 
during one flight was limited, under the best conditions, to 
The 


pilot could not reach the gun to reload or to correct stop 


the capacity of one magazine (forty-seven rounds). 


pages which were by no means of rare occurrence, and so 
was obliged to either run for run 
stopped as the result of either of these causes, or risk the 


home as soon as his 
destruction of both the plane and himself by remaining 
with his fighting equipment out of action. Tactical eon- 
siderations soon brought forth regulations requiring avi- 
ators to abandon their missions and return with all haste 
when no longer able to fight, and these conditions led to 
Another ob- 


jection to this system of mounting, however, precluded 


insistent demand for more firing capacity. 


improvement by the simple expedient of adding more guns. 
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siderably more action than had been intended for it. Some 
planes, indeed, were equipped with only the lower gun. 
The makeshift nature of this arrangement was evidenced 
by the destruction of propellers resulting from nearly every 
combat and the consequent necessity in every such case. for 
forced landing of the crippled ship. A propeller blade 
is ordinarily made unsafe by six or eight shots through 
it, but oceasionally as many as twelve hits may 
without rupture. One propeller blade lost during this 
period by Captain Guynemer was found to have twenty-two 
holes in it at the time it broke. 


occur 


This condition of affairs led next to an attempt to armor 
the blades so as to deflect the bullets striking them. But 
as the velocity and energy of such bullets are very great, 
the shields used had to be fairly heavy and carefully shaped 
so that the bullets would glance from them to one side or 
the other. Because of their weight, the shields had to be 
carefully balanced and braced substantially from the pro- 
peller shaft, and when all this was done it was found that 
the speed of the airplane had been seriously reduced, thus 
completing the circle of difficulties which began in the 

















Single synchronized Marlin gun showing relation of gun, engine 


gear and control for use of pilot 


This was the reduetion in flying speed due to the added air 
resistance offered by the gun and its mount. Speed and 
capacity for maneuvering readily had even then been es- 
tablished as vital requisites of a fighting plane, and so 
this system of gun installation offered nothing in the way of 
possibilities for increased armament. 

This clashing of conflicting requirements led to a new 
scheme, that of employing the usual upper plane gun and, 
in addition, a second gun mounted so as to fire straight 
ahead, but located on the cowling of the plane just in front 
of the pilot. This gun was to be held as a sort of emergency 
weapon because when using it good luck alone prevented 
the propeller being shot away, since its line of fire came 
well within the propeller field. But developments soon 
indicated that every combat was considered an emergency 
—not without reason, considering the nature of such en- 
counters—and it became customary for the pilot to prompt- 
ly open fire with both guns when firing at all, preferring 
the risk of losing his propeller rather than depending on 
half-way measures in attack. Another reason for liberal 
use of the added gun was that this method of mounting 
permitted the use of a belt-fed gun, with a much larger 
ammunition supply than was possible with the Lewis 
aloft. In almost any sort of a fight, the top plane gun 
would be speedily emptied, and the aviator might still have 
to combat half a dozen enemies before his flight ended, so 
it is not diffieult to see how the extra gun eame in for con- 











in Marlin and Browning guns 


Sections of loaded ammunition belts for use 
Above: Non-expendable fabric belt Below: Expendable metallic link belt 
endeavor to inerease scout-plane armament beyond the 


original top plane gun stage. 

Then, when the problem seemed hopeless so far as any 
satisfactory solution was concerned a truly sensational im- 
provement was evolved, giving the pilot a gun installa- 
tion based on sound mechanical principles. The fixed gun 
on the cowling was still used, but instead of being allowed 
to shoot wild through the propeller, was provided with a 
controlling mechanism operated by the engine to prevent 
firing when the propeller blade crossed the line of fire. 
This device is called a synchronizing gear, and guns 
so used are called synchronized guns. The new arrange- 
ment at once superseded the former systems for use of fixed 
guns and—because all guns do not adapt themselves well 
to synchronized fire—marked off more clearly than before 
the division of aireraft guns into two elasses; namely, those 
used by the pilot and those for the observer, or as they are 
commonly termed, synchronized and flexible. 

The details of the synchronizing gear are not important, 
but for the benefit of the mechanically curious it’ may be 
stated that an exact parallel exists in the valve action of an 
ordinary gas engine. Consider the valve as the gun trig- 
ver and the analogy is complete, except that it ineludes 
no means for throwing the mechanism in and out of opera- 
tion. 

The inventor of the synchronizing gear is unknown, but 
by some the eredit for this development is given to Roland 
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Garros. In any case, it is certain that he was one of the 
first to make use of this idea, although it was at once 
discovered and adopted by the Germans who were, for a 
time, able to make more extended use of it than either the 
French or British. Its use is now established as an essen- 
tial feature of plane armament and various forms of gears 
have been developed and manufactured. 

After the introduction of the synchronizing gear the gun 
equipment of planes became more standardized and the 
requirements for these guns crystallized as their tactical use 
developed. The Lewis gun, however, continued to be the 
universal observer’s weapon, so far as the Allied forces 
were concerned, and the Vickers gun was standardized for 
synchronized fire. Some modifications were of course made 
in the design of each gun to better fit it for aireraft serv- 
ice, the principal ones being the elimination of cooling 
apparatus and reduction in weight whenever possible. The 
eapacity of the Lewis magazine was increased to ninety- 
seven rounds, improved turret mounts were designed and 
later the use of two guns mounted side by side and ar- 
ranged to fire together was adopted in order to secure a 
greater volume of fire. Special sights were developed for 
both types of guns. Twin synchronized guns were found 
to be mueh more satisfactory than the single gun installa 
tion, and their use in pursuit planes, and in two-seater ob 
servation planes when the gun supply permitted, became 
general. 

Some difficulty in using the usual fabric ammunition belt 
for the Vickers gun was experienced, due to the necessity 
for storing the empty end of the belt as firing progressed. 
This was remedied by the adoption of a metallic link belt, 
one link of which, as each cartridge is extracted and fed 
into the gun, falls apart from the rest of the belt and so 
may be easily disposed of by being earried overboard 
through a chute provided for this purpose. Various other 
improvements, both in the guns themselves and in the 
mounting arrangements devised for them were developed, 
but these were of a comparatively minor nature, for by this 
time the main principles had well established. All 
planes were armed, either for attack or defense, or both, 
for which they were to be 
equipment first considered 


been 


depending on the tactical use 
employed, and the armament 
rather incidental had gained in importanee till it demanded 
attention equal to that given to the vital features of air 
plane construction. And this was all before the United 
States entered the war. Less than two years had elapsed 
since the first wrial combat, but even in this short time 
aireraft fighting had become an accepted and vitally im 
portant development of warfare. With this for a begin 
ning, who will venture to say what the future battles 
among the clouds may be? 

And now, perhaps a word as to German activities in 
this new development of fighting is in order. We natu- 
rally expect the German to participate with gusto in any 
scheme to add to the unpleasantness of war, and in this 
ease he ran true to form. He also proceeded along estab 
lished Teutonie lines by adopting at once equipment that 
was reasonably good and thenceforth not attempting ‘to 
develop it much further, but bending every effort to make 
the greatest possible use of it. For his synchronized gun he 
took his portable Maxim field gun, and used it to the ex- 
clusion of all others. The Parabellum, which is Maxim in 
principle, was adopted for flexible use even though it is of 
the belt-fed type. These guns were used in much the same 
way as corresponding ones in the Allied forces, except that 
fabric belts were used almost exclusively instead of the 
metallie link type, and little attempt was made to inerease 
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Liberal and indiscriminate yge 


their natural rates of fire. 
ot the various kinds of special aireraft ammunition 


tracer, 
armor-piereing, and incendiary—which had been developed 
by this time, together with that of exclusive type when 
opportunity offered, perhaps offset the comparatively slow 
firing rate of the guns employed. 

When this country had 
planes nor armament for them, and so plans were at once 
made tor production of both. Vickers and Lewis guns, 
both for use on the ground, were being produced in this 
country, the latter, however, at that time for the British 
The insistent ery from abroad was for 
manufacture of these two guns to the exclusion of al] 
others, as they had been proved in combat and could be 
readily adapted to aireraft use. In the case of the Lewis 
gun this was done. The British orders were 
pleted and then as rapidly as possible production of air- 


declared war we neither air- 


Government. 


soon com- 
craft type guns for our own forees was begun and this was 
continued until the Armistice. Production of the Vickers 
gun was also maintained, and as soon as possible was di- 
verted to guns of the aireraft type. It soon became ap- 
parent, that 
would have to be produced. 

production of the Vickers gun were available, and so it 
was decided to begin production of the Marlin, a new gun 
from the old Colt ground-type machine gun. 
Several thousand of turned out 
American planes at the Front were armed with them. The 
either Vickers or Marlin 
Before the Armis- 


more guns for synchronized use 


No other sources of early 


however, 


developed 


these were and many 


American pilot fought with 
guns, and his observer with the Lewis. 
tice production of the Browning Aireraft Gun, a 
fication of the famous Browning ground-type machine gun 
none of these were received at the 


modi- 


had been started, but 
Front before the cessation of hostilities. 

The question as to which is the best machine gun is fre- 
quently asked, although most often by those who vaguely 
ascribe to this weapon but two main characteristics—one 
being that it pours forth a stream of bullets at a terrific 
rate (the more terrific the better) and the other that at the 
most inopportune moment it always jams, whatever that 
There is no best machine gun, aireraft or other- 


may mean. 
is im- 


wise, any more than there is a best automobile. It 
possible to compare guns in general, but when the use to 
which they are to be put is specified there is some basis for 
discussion. Thus in ease of flexible guns there is a best 
one. Beyond question this is, because there is only one, 
the Lewis. 
divide the requirements for flexible and synehronized guns 
very sharply, and in all the Allied forees the Lewis was 


Tactieal developments of the war seemed to 


magazine 


fitted it 


echaracteristies of 


weight 


adopted for flexible use. Its 
feeding, compact construction, and light 
admirably for this service, but as a synchronized gun it 
is worthless. The Vickers was the pioneer synchronized 
gun, and is still one of the best. Both of the other types 
developed in this country have their advantages, however, 
or else have their drawbacks, and these deficiencies can, in 
each ease, be traced back to the fact that these guns are 
all adaptations of similar guns built originally for ground 
use. Satisfactory fulfillment of the requirements for air- 
eraft weapons ean be obtained only by original design 
hased squarely on these requirements, which, by the way, 
are now very definitely and completely known. Makeshift 
adaptations, no matter how clever, can never give the best 
results, and while they eannot be avoided under war con- 
they should not be permitted to oceupy an im- 
place in peace-time development. 


ditions, 
portant 


Even though the synchronizing gear brought about the 
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aircraft guns into two classes, experience has 


division , 
shown that there are certain general requirements which 


they must all meet if they are to give satisfactory service. 
The first of these is positive and dependable operation. 
Failure of the gun in a critical moment in combat is almost 
certain to be fatal in results to both plane and crew, hence 
the weapons used must respond instantly and certainly 
when called upon. They must do this, moreover, in spite 
of many adverse eonditions such as extreme cold, moisture, 
vibration and maneuvering of the plane, and aiming, which 
may place them in any position except the normal horizont- 
al one, and unintentional mistreatment by the gunner in 
the excitement of combat. Another very important feature 
is speed in firing. On the ground a firing rate of more 
than four or five hundred shots per minute is not con- 
sidered especially useful, but in the air conditions of com- 
bat are such that a rate twice as high is a distinet advant 
age. Even higher rates might be desirable, but opposed 
to them are considerations of reliable operation, which is 
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Geman Aircraft Machine Guns 
Above: Maxim (Spandau) 
Below: Parabellum Flexible Aircraft Machine Gun Mount 
The reel on the right hand side carries the fabric ammunition be 


always sacrificed in obtaining excessive speed, and ammu 
nition supply which is necessarily limited. A speed range 
of from 900 to 1200 rounds per minute is probably most 
satisfactory, as a compromise between these conflicting re- 
quirements. These are the two most important features. 
Other subsidiary ones, such as light weight, compactness, 
durability. simplicity of construction, and ease of main 
tenance and repair, are obvious and need no comment, 
applying as they do to all classes of automatic arms. 

There are various special requirements applying to each 
of the two classes of guns, but these, except the ones con- 
cerning the feeding and firing mechanisms are incidental. 
A magazine system of feeding seems necessary for the flex- 
ible eun. while the synchronized gun is fed by belt in order 
to obtain greater ammunition eapacity. Numerous at 
tempts to use a belt-fed gun flexibly have been made, and 
indeed the Germans used a gun of this style—the Para- 
bellum—as their standard flexible weapon. The diffienl- 
ties in this connection are mostly those of mounting and, 
although so far nothing superior to the Lewis gun has 
been developed for our service, it is very likely that in 
time arrangements for using the standard synchronized 
gun in this way will be perfected. The advantages of such 
a system, in which only one style of gun would be manu- 
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factured and maintained in service, are obvious and explain 
the continued efforts in this direction. 

Synchronized guns must be equipped with firing mech- 
anisms which act very quickly, whereas flexible guns are 
not limited in this respect. There is no objection, however, 
to the use of the quick-acting firing mechanism by the 
flexible gun, and so the project of reconciling the design ol 
these two types is not adversely affected by this considera- 
tion. It seems evident, however, that progress in this di- 
rection must be made by adapting improved designs of 
synchronized guns to flexible use rather than the reverse. 

Then, what of the future aireraft machine gun? This 
discussion is not intended to include specifications for the 
ideal weapon, but certain outstanding features of the 
tendency of development are clear enough to warrant con- 
sideration. The provision of all the desirable characterist- 
ies deseribed above will not in itself produce a fully de- 
veloped weapon. The gun must be built for its place in 
the plane as well, and especially in the case of synchro- 





















American Aircraft Machine Guns 
Early Vickers Aircraft Machine Gun 
Marlin Aircraft Machine Gun 
levelopement of Vickers Aircraft Machine Gun, Model 1919 
Browning Aircraft Machine Gun 


nized guns there is a great deal of room for improvement 
in this direction. These guns are now invariably used in 
pairs, and in order to provide a workmanlike installation 
it is extremely desirable to have all parts of the auxiliary 
equipment of mount, ammunition boxes, feeding and 
ejection chutes and synchronizing gear arranged symmet- 
rically with respect to the axis of the machine. The most 
mportant point in providing for this symmetrical mounting 
is provision of means for selective right or left hand feed- 
ing of the ammunition belt. Ejection of the empty belt 
links will naturally be free from the side opposite to that 
of the belt entry, and ejection will probably be from the 
bottom. This feature has already been obtained in Vickers 
guns, and is of such value that no new design of this type 
of weapon in the usual calibers can be considered complete 
without it. Other similar features, such as corresponding 
provision for selective right or left hand loeation of the 
svnehronizing mechanism and operating handle go natu- 
rally with the alternate feeding arrangement and round 
out the idea of symmetry for the whole installation. Ac- 
cessibility of the working parts, with consideration of the 
fact that the pilot is located behind and between the guns 
is also very important. The pilot must do many things 


at onee and at best can never work on his guns with more 
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A German Recuperator 


By 


JOHN 


Member 


members of the Association who were engaged during th 


Those 
war in the production of 
mechanisms for artillery gun carriages will recall that the manufacture 
and difficult. The 


any one of the several types of recuperator 


of these mechanisms was found laborious recupera 
tors were usually made by boring several cylinders out of a single 
large forging, and as these cylinders required a Very fine and exact 


those concerned to be 


and perhaps unnecessarily so. 


finish, manufacture was felt by all extremely 


difficult 


It is therefore with considerable interest that examination of types 
of German recuperators has been watched Captured materia in 
luding practically every type in use by the Germans has been brought 
to the United States, and it has been possible to examine and study the 


mechanisms in great detail, this being done with a view to taking ad 
vantage of any good features which may be uncovered. One of these 
mechanisms which has been carefully examined is that of the 150 mm 


used during 


the 


carriage 


Carriage of latest type 


and 


German Howitzer 
War. This 
t 155 mm. 
by the United States 

Perhaps the first question 


the World 


howitzer conforms in general characteristics 


matériel of a foreign which was used 
the 
which o¢ 


better than 


o the howitzer type 


during war, 
the 


which 


eurs to 


that 


inquirer is 


the German recuperator is we use ourselves 


and the admission that this question cannot be answered positive 

by yes or no will be readily understood by the engineer. We in 
easily perceive that in a given class of automobiles, while the various 
machines may be widely different in their characteristics and features 


t is not possibe to say without some qualification that machine A is 





better than B or ¢ The situation is the same as regards a comparison 
of recuperator mechanisms The most that can be said is that the 
recuperator which forms the subject of this article appears quite on a 
par with others known to the Department, and its design has ap 
parently been worked out with great care. In some of its features the 


mechanism is reduced to a simpler form than some of those used in 
the War, but these simplifications have sometimes resulted in con 
promises with other conditions which have introduced offsetting con 
cations 
It is further conchided that taking Warious sub-assemblis of the 
nechanism separately the recuperator does not present anyth ng 
nev or novel however n the combination o these I embilie 
esulting iperator possesses characteristic whicl ? inlike 
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A GERMAN RECUPERATOR. 
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details construction are however naturally to some extent 
inder hollow on a shell press 


to the me hanism being described. 

The oil in the recoil cylinder is normally under atmospheric pres The three cylinders contained within A also require removal of a 
sure, and the packing around the rod need only be sufficient to retain urge amount of metal in their manufacture and a high finish in the 
this oil under the temporary high pressure created during recoil. The cylinder O. In order to secure the necessary lightness, these cyl 

inder does not require a polished finish, but it should be inders must be formed on the outside as well as inside, requiring the 





recoil ©} 
smooth and without noticeable tool marks 


use of planers or heavy milling cutters The system of packing piston 





We will now consider that part of the mechanism which stores the cylinder heads appears to be good, but as above stated, not novel 
energy for returning the gun to Its firing position at all elevations The liquid above referred to as oil has upon analysis been dé 
The recuperator piston N moves during recoil in the polished cylinder termined to be an aqueous solution of sodium lactate of about 45 per 
0, forcing the oil in front of it through a port shown at P The o cent strength. The use of this fluid gives an interesting ht 
then passes along the short cylinder shown with the diameter 1.87 on the use of substitutes to. which tl Germans were: driven It is « 


arked R in the ower part of the illustration. This cylinder is op : . 
rse not known definitely whether the use of this fluid was t 
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f cylinder A, stores up the energy for returning the gun; that is, a ( " imounts 0 ron and copper have been noted the samples 
soon as the end of recoil is reached, the compressed air torces the 0 ina | rT may be due either to their being present in the by 
back through the cylinder R, through the port P, and against the piston product or due to chemical action on the parts of the mechanisn It 
end. thus returning the parts to their initial relation will be necessary to establish this before the merits of the liquid can be 
It will be noted that the oil forms a quid seal against entrance of v determined As far as known, however, its us¢ has been satis 
air to R, and there is no point of es for the air exce throug! factory. and as it has a low cold test, It possesses some advantage over 
the joint at D. which. being fixed, can be eas made perfe und ering n common ise Furthermore, the recuperator 
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Establishment of Small Arms Experimen 


By 


been attempted. The experiments themselves are of such 
interest to the service and the results of these firings will 
eventually have such far-reaching consequences, that it is 
intended to publish in a series of articles the manner in 
which the tests were conducted and the information 
tained. 

The scope of the firings can be realized from the follow- 
ing facts: 

1st. Three different experimental ranges were used, as 
widely separated in location as Massachusetts and Florida. 

2d. Tests were conducted lasting over a period of nearly 
two years, i. e., from July Ist, 1918, to May 25th, 1920. 

3d. Several hundred thousand dollars were expended, and 
the tests required a personnel averaging about 75 officers, 
enlisted men and civilians. 

4th. Total number of machine guns used amounted to 
over a hundred, and the total amount of ammunition ex- 
pended was more than a million rounds. This does not 
include the large number of guns and the large quantity 
of ammunition representing special types as well as the 
standard military weapons in use by the great powers, nor 
the sporting arms of commercial companies. 

5th. Firing was held with small arms up to the 
ranges of the ammunition. Special experimental 
bullets were successfully fired and recovered at 
great as 5,000 meters (5,500 yards). Bullets 
recovered that had been fired vertically upward. 
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Parallel Machine Gun Dispersion, Four Brownings 


Long Range Small Arms Firing 








Range 1100 yards 
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tal Ranges at Borden Brook Reservoir, 


Mass., and at Miami and Daytona, Florida 


GLENN P. WILHELM 


[Co'onel Wilhelm was in direct charge of small arms experimental firings by the Ordnance Department during the World War In this work, he 
made extensive use of the photographic art for verifying ballistic data previous based very largely on mathematical computation, as well as 
for pioneer work at long ranges. ; 

By permission of the Chief of Staff, U. S. Army, the results of these painstaking researches are being published in this and succeeding numbers 
not merely as interesting information concerning progress made in sma!l arms ammunition, but as having a real value from the standpoint of 
Army morale, in educating the combatant forces in the scientific methods utilized increase the effe of that indispensable tool of 
war—the infantry rifle.—Ep.] 

During the World War the Ordnance Department in- It is proposed to diseuss the following subjects in these 
stituted a series of small arms firings chiefly at long articles: Part I, Establishment of Small Arms Experi- 
range, on a scale and at ranges which had never before mental Ranges at Borden Brook Reservoir, Mass., and at 
Miami and Daytona, Florida. Part Il, The Determination 
of Ballistie Data by Actual Firing. Part III, Machine 
Gun Dispersion. Part IV, Effect of Barrel Erosion on 


Machine Gun Dispersion. Part V, Boat Tail Bullets. Part 
VI, Vertical Firing. Part VII, Miscellaneous Data. 


Small Arms Experimental Range, Borden Brook 
Reservoir, Mass. 


One of the first problems confronting the Ordnance De- 
partment at the participation of the United States in the 
World War was the preparation of small arms fire control 
tables, particularly with reference to machine guns. Inas- 
much as the standard type of small arms ammunition, viz: 
U. S. Ammunition, Caliber .30, Model of 1906, with a 
bullet weighing but 150 grains and having a muzzle velocity 
of 2,700 feet per second, was originally designed and 
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adopted for the purpose of giving a flat trajectory over 
rifle battle ranges, but little was known regarding this 
bullet’s performance beyond 1,000 to 1,200 yards range. 
Ballistic ealeulations and computations, based upon the 
efficiency of the 150 grain, .30-caliber bullet at short 
ranges, have long been published in Ordnance Pamphlet 
No. 1923, ealled “Deseription and Rules for the Manage- 
ment of the United States Rifle, Caliber .30, Model of 
1903.” The tables contained in this book were earefully 
determined by actual firing up to a range of 1,000 yards, 
at that time considered to be the maximum 
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range at which accurate aimed rifle fire would be effectively 
used. 

For greater ranges calculations were made using stand 
ard ballistic functions, but using the data already obtained 
by actual firing up to 1,000 yards. As these calculations 
utilized well-known ballistic functions which had been es- 
tablished by experiments with all types of projectiles, and 
inasmuch as the same methods were in universal use by all 
the great powers no one entertained a doubt as to the 
correctness of the tables at long ranges.’ To have believed 
otherwise would have been contrary to the theories es- 
tablished by some of the world’s greatest ballisticians, both 














Fig. 2. Superimposed Wispersion, Four Browning Machine Guns 
Range 1100 yards 


American and foreign, whose works had all the additional 
weight and authority which the lapse ‘of time was able to 
give them. 

It was therefore decided at the outbreak of the war to 
base the first issue of fire control tables upon the tables 
contained in the handbook of the rifle. Cn account of the 
adoption of the metric system by the A. E. F., it was 
necessary to laboriously change all fire control tables into 
the metric system, which, however, could not be done by 
merely giving the metric equivalent. 

Upon completion of the metrie fire control tables for 
.30-caliber ammunition, before issuing them to the service, 
firings were instituted for the purpose of verifying the 
figures. As the tables were universally known to be correct 
up to 1,000 yards, inasmuch as the National Matches and 
all other range firing by the Army had proven this, it was 
planned to conduct the major portion of the tests at 
ranges beyond 1,000 yards. 

There immediately resulted the problem of what kind of 
target to use at such great ranges, because previous ex- 
perience had revealed the difficulty of successfully firing 
at the usual form of vertical paper targets at ranges even 
as great as 1,200 yards. 

As a preliminary some firing was done in June, 1918, at 
a vertical paper sereen or target, 24 feet high and 60 feet 
wide. This target was located along the Connecticut River 
at Longmeadow, near Springfield, Mass., on the same site 
that the original firings were held through paper screens 
at the time of the adoption of the Sprinfigeld rifle and the 
present “06 bullet. 

This range was 3,000 meters (3,300 yards) long, but it 
was soon found by actual experience that no reliable re- 
sults could be obtained by this method at ranges exceeding 
about 1,300 meters (1,400 vards). One interesting fact 
Was observed to the effect that the Browning Machine Gun, 
which was used in firing, required 30 meters more elevation 
on the rear sight than the graduations ealled for at 1,000 
meters; and 150 meters more at 1,700 meters range, with 


correspondingly greater elevations at the intermediate 
ranges. Later firings showed that it requires 1,850 meters 
elevation to fire at a range of 1,700 meters, according to 
the rear sight, thus verifying these preliminary results. 

In order to facilitate the work it was decided to secure a 
location where it would be possible to obtain the impact of 
bullets at the end of their flight, thus requiring merely the 
firing at a given elevation and deflection without regard 
for the nicety of trying to hit a given target. Inasmuch 
as this work was all being carried on by the Ballistic Section 
of the Small Arms and Ammunition Proving Ground at 
Springfield Armory, it was desirable to locate the range as 
near the Armory as possible. Moreover, in order to meas- 
ure the impact of small arms bullets, it follows as a matter 
of course that the surface upon which the bullets are to 
fall must be smooth, as otherwise the impact will never be 
observed or found. Small arms bullets at long range make 
a very slight disturbance on any surface, and nothing is 
more futile than to fire modern high power small arms over 
ordinary terrain and expect to find evidence of where the 
bullet finally came to rest. In addition to requiring a 
smooth surface upon which the bullets must fall, it is also 
necessary to have this surface of considerable area; other- 
wise it will be difficult to hit. 

Only two natural surfaces meet these requirements, viz, 
the smooth surface of a body of water or a smooth beach 
along the seashore. Securing a beach near Springfield 
Armory was out of the question, so that search was made 
of topographical maps for a lake or other body of water 
in the vicinity of Springfield, Mass., which would be suit- 
able for firing. 

There were a great many other elements entering into 
the problem, particularly with regard to the safety of the 
civilian population residing in the vicinity of the range. 
However, after a careful study, Borden Brook Reservoir 
was chosen as meeting more of the requirements of the 




















Fig. 3. Small Arms Experimental Range, Miami, Florida 
from Firing Point 
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ideal range than any other place. This reservoir is a beau- 
tiful sheet of water in the Berkshire Hills of Western 
Massachusetts, about 25 miles west of Springfield, formed 
by damming up various streams. The reservoir is one of 
the reserve water supplies, or storage basins, for the City 
of Springfield, and the use of this reservoir for the firing 
was very kindly authorized by the city officials. 
The short range firing point permitted of firing 
done at ranges from 600 to 1300 meters, with an auxiliary 
location allowing ranges up to 1600 meters (1,750 yards). 
Another intermediate firing point was located so as to 
obtain ranges from 1600 to 2000 meters, while a long range 


being 


firing point was loeated giving ranges from 2000 meters 
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Fig. 4. Comparison of Splashes at 2200 yards range 
Above: Browning Machine Gun Dispersion of Service Bullet 
Below: Browning Machine “. so gpeiaas of special Boat-Tailed 

ullet 
more elevation than Boat-Tailed Bullet 
at this range 


Service Bullet required 50% 


(2,200 yards) to 2600 meters (2,850 yards), which was the 
maximum range possible. 

In general, the method of firing at Borden Brook was 
as follows: All firing points were so situated as to allow 
the impact of the shots to be observed on the water by in 
This 


struments located near the firing position. necessi 


tated firing down at an angle of from 7 degrees at the 
shortest ranges, to less than 2% degrees at the longest 
ranges. 

Ranges were determined by instruments from the gun 1 
the impaet of the shots. Also the elevation of the gun was 
recorded, as well as the deflection The ti o} 
determined by observation of the impaet of «the 


Measurements of wind and horizontal de ) } oO 


“ranges 
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of four Browning Machine Guns fired automatically and 
using service ammunition. The range is about 1000 meters 
(1,100 yards), the guns being in the rear and slightly to 
the right of the position of the photographer. The foy, 
guns have equal angles of departure and the beaten zones 
are parallel. The zones are about 25 yards apart, showing 
how narrow is the dispersion of each gun and the amount 
of space between zones not covered by fire. 

Fig. No. 2 


beaten zones are superimposed and the view is from the 


is similar to Fig. No. 1, except that the four 

right, the photographer being within 50 vards of the center 

both Fig. No. 1 and No. 2 the 

firing down into the water at an angle of about 3 degrees, 
The result of the firings at Borden Brook 

eurate determination of tables of fire, ineluding elevation, 

time of flight, ete., for the Model 1906 ammunition (serviee 


of impact. In guns are 


Was the ae- 


at ranges beyond 1000 vards; the determination of beaten 
zones for the Browning and Vickers Machine 
accuracy life of machine gun barrels fired under service 
conditions and worn out by erosion; the determination of 
the effffeet of wind on 


Giuns; the 


angles of jump for machine guns; 


service ammunition at long range, and a vast amount of 


other valuable data. 


Considerable information was obtained with regard to 
the penetration at long ranges of various tvpes of small 
bullets and the angle of 


ranges. 


arms also data on fall at long 


These firings lasted until October, 1918, and so import- 


this work become that a considerable amount of 


equipment had gradually been assembled and the 


ant had 
seientific 
necessary trained personnel obtained to handle it. 

In the meantime the A. E. F. were making insistent de 
mands for the development of a more effective type of 
long range machine gun ammunition. Up until this time, 
and in some divisions much later, the American Army in 
France had been using the Hotchkiss Machine Gun and 
the French 8 Millimeter Lebel cartridge, with the “Balle 
D,” a type of boat-tailed bullet weighing a little less than 
This weight 


and exeellent ballistic shape was capable of effective firing 


200 grains. bullet, on aceount of its great 
up to nearly 3500 meters (3,850 yards), and was the most 
effective type of long range machine gun bullet used by 
any army until the Germans, in the latter stages of the 
war, produced a somewhat similar long range bullet that 
was even superior to the “Balle D.” 

The U. S. Caliber .30, Model 
150 grain bullet, naturally was not adapted for sueh long 
range shooting, for which it was not originally intended, 


1906 ammunition, with its 


the greatest 
that the 


except in one particular Even at 
the Borden Brook 


density of the cone of dispersion of the Browning Machin 


accuracy. 


experiments showed 


Gun firing service ammunition was greater than that of 
an\ other type of ammunition used by any belligerent 
However, its maximum effective range was only about 2500 
meters (2,750 vards), and maximum range about 3000 
meters (3,300 vards 
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Fig. 5. **Mann Rest” fitted to Frankford Machine Rest used in 
Florida Firings 


graphs of tracer ammunition were obtained by firing at 
night. 

The closing of the Borden Brook range made necessar\ 
the establishment of a ballistic range where firing could hé 
held throughout the winter. It was also desirable to obtain 


a location where even a greater range could be obtained 


than was possible at Borden Brook, in order that tests 


could be conducted with new and more effective tvpes of 
small arms ammunition up to the very limits of the tra 
jectory. 

Moreover, the Borden Brook range had several serious 
disadvantages, one of which was inelined firing. That is 
the firine, except in a few tests was always at an angle 
downward ot from 3 to 7 degrees. Also the barometric 
conditions at Borden Brook were not ideal, as this plae 
vas at sufficient elevation above sea level to have avi rau 
harometer readings of 28 to 29 inehes. instead of a mear 


ot about 30 inches, as is desirable 
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Browning Machine Gun Dispersion on Sand 
Impact of each bullet marked by * 
Length, 115 yards j 3 


determination 
which, however, checked remarkably 


jump at all ranges. 


The dispersion of a Browning Machin 


maintained rate of fire of 500 rounds per minute ineludir 


2025 meters rang 


energy. 


Range 110 
Burst of 100 


tinued on a greater scale than before and an entirely new 


ammunition, 


to the figures 


The facilities of this range were such that complete dat 
ons could be obtained 
from a range of 200 vards up to 4,000 yards in the course 
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The elevation required 
was but two- 
with the 


munition shown at the same range.) 
to fire the boat-tailed bullet 2000 
thirds that required to obtain the 
service bullet. 

It was during these first Miami firings, which lasted from 
December, 1918, to June, 1919, that confirmation was ob- 
tained of the well-known fact that the efficiency of long 
range effective ammunition was not in the weight or muzzle 
velocity of the bullet, but in the shape of the base. Although 
this had been known for a long time, and the American 
Expeditionary Forees had particularly called attention to 


meters 


same range 





























Fig. 7. Elevation and Deflection Screen 


the superiority of this type of bullet, yet nothing was so 
convincing as the range data obtained at this time. 

At Miami determinations made of drift by 
the simultaneous firing of two service rifles with right and 
left 


were also 


hand twist types of rifling. 
1919. 


ballistie 


Firings on Daytona Beach, 

During May, 1919, an auxiliary 
opened at Daytona, Florida, for the purpose ol obtaining 
machine gun dispersion on sand and for other purposes, 
such as character of impact of bullets at long range on 


station was 


sand, ete. 

This beach is one of the most remarkable in the world, 
being composed of a very fine, white, hard sand, which at 
low tide averages one hundred yards in width, and permits 
of marking machine gun dispersion with wire pins stuck 
in the bullet marks, and taking measurements by transit. 

The work done on this beach, which is the location of 
the famous automobile racing course, was extremely ac 
eurate, but it was also exceedingly slow. Its great ad 
vantage was that the tide coming in and washing out the 
shot marks once every twelve hours gave a clean slate for 
each day’s firing. : 

The speed of the water range, however, was absent, so 
that only a limited amount of firing could be done in a day, 
thus introducing the variable factor of weather conditions. 
Toward the latter part of the Florida firings. during the 
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Spring of 1919, most of the personnel of the station was 
discharged due to the Armistice, and the remainder were 
transferred back to Springfield Armory. 


Development of the Mann fest. 


In the summer of 1919, as a result of the previous ex. 
perience in firing, experiments were directed toward the 
development of a better mechanical means of testing the 
ballistics of small arms ammunition. This resulted in the 
adaptation of the so-called “Mann Rest” for this work, 
this device having been originally designed by that re- 
markable experimenter, the late Dr. Franklin W. Mann. 

This rest, consisting of a V-shaped cast iron trough 
fitted to a Browning Machine Gun tripod, had been used 
successfully for long range tests at Borden Brook in the 
summer of 1919. The Mann Rest is the most accurate 
shooting device vet developed, and is a long stride forward 
in perfecting the technique of testing small arms ammu- 
nition. 

The Florida Firings of 1920. 

While the original Florida firings had resulted in securing 
an experimental bullet of great ranging ability with one 
of the flattest trajectories of any small ealiber projectile 
so far designed, vet this bullet was still in the experimental 
stage and it was necessary to reorganize a personnel and 
return to Florida to finish the work. The Small Arms Bal- 
listie Station was therefore reopened during the latter part 
of October, 1919, for the purpose of completing the firing 
necessary to reach a final decision on the new bullet. More- 
over, the technique of firing had been so much improved 
that it was decided to repeat some of the previous experi- 
ments, even though the methods formerly used had been 
superior to any firing held in the past. 

Fortified by the Mann Rest the station performed some 
remarkable experiments. The used in Miami in 
conjunction with a sereen, is Fig. No. 5, 
showing method of elevating barrel by quadrant to the 
nearest minute, and a transit for recording vertical and 
horizontal angles made by the bullet in its passage through 
a sereen at 100 feet from the gun. 

It was at this time that a remarkable series of 
cessful tests was accomplished with small arms projectiles 
in vertical firing. So precise were the methods that a .30- 
ealiber bullet was actually eaught in a bucket of water after 
it had traveled straight up and back for nearly a minute’s 
total time of flight. 
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Before the final experiments were completed the expira- 
Miami foreed the elosing of the station 
was 


tion of the lease at 
the first of the year 1920. 
mond Beach, Florida, on a site a few miles to the north of 
Daytona Beach, where the tests of the previous year were 
held. 

An entire new 
tuted so as to inerease the speed of beach firing. A ree- 
co-ordinates was devised to take the 


The work resumed at Or- 


system of range measurements was instl- 


tangular system of 
place of the former transit and stadia method of plotting 
shots on the sand. So proficient had the personnel became 
that it was possible to measure a burst of 100 rounds fired 
from the Browning Machine Gun at any range in less than 
five minutes, the accuracy of measurement being to the 
nearest vard in both length (range) and width (deflection). 
This was good work considering that the total area some- 
times covered was several hundred yards in length by fif- 
teen to twenty yards in width. 


Fig. No. 6 shows such a burst from a Browning Ma- 
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LONG 


chine Gun, although in this case, due to the shortness of 
the range and the consequent narrowness of the area of 
dispersion, the measurement was comparatively easy. 

The labor connected with the measurement of all shots 
passing through a paper sereen was very much reduced by 
the design of a screen so constructed as to allow the roll 
of paper always to be placed at any desired position by 
means of ropes operated from the gun platform. (See 
Fig. No. 7.) Likewise the paper could be unrolled from 
the firing position, which permitted a clean sheet to be used 
for each burst. This sereen facilitates rapid work, as it 
allows the fire control officer to observe at all times the 
elevation and deflection he is obtaining on each burst. and 








Fig. 8. Impact in Hard Sand, Service Ammunition, Fired in 


Browning Machine Gun. Range 2856 yards 

the nature of the dispersion, i. e., whether it was normal 
or not, as a bad set up or laying of the gun always showed 
on the sereen. 

The tests fired on the beach were especially valuable, in 
that by photographing the impact of the bullets on the 
sand a permanent record was obtained which could be ob- 
served and studied at leisure. Fig. No. 8 shows the im- 
pact in sand of the service bullet at 2600 meters (2,850 
yards), and Fig. No. 9 shows the impact in sand of a 
boat-tailed .30-cealiber bullet at 4400 meters (4,800 yards). 
The service bullet has lost most of its forward velocity and 
is descending at great enough angle to stick in the sand. 
while the other type of bullet has a trajectory so flat as to 


San Francisco District of A. O. A. Organized 

Members of the Army Ordnance Association residing in 
and near San Francisco, Cal., held a luncheon meeting at 
the Palace Hotel on December 20, 1890. With a view to 
creating and maintaining interest in industrial prepared- 
hess, it was unanimously decided to form a local unit of 
the A. O. A., to meet at luncheon once a month for diseus- 
sion of ways and means of furthering this desirable end. 

An exeeutive committee and a committee to increase 
membership were appointed, and plans were made for the 
unit to present to the Metal Trades Association of San 
Francisco and the local section of the American Society of 
Mechanical Engineers, the advantages of having the execu- 
ves and technical assistants of local metal industries and 
mechanical engineers become members of the Army Ord- 
nance Association. It is also planned to hold a general 
meeting of eligible prospective members in the Assembly 
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ricochet at the great range (for small arms) of 5,000 yards. 

The beach permitted data to be obtained upon striking 
energy, penetration and angle of fall at all ranges. Time 
of flight was determined by means of microphones and 
other devices. All types of bullets were fired vertically up- 
ward, and the nature of the impact upon return studied 
for evidences of unstability, due to lack of spin. 

The beach firing was not all confined to long ranges, as 
tests were fired on a short range 1,200 yards long, parallel 
to the beach, using the usual form of vertical paper targets. 
The phenomena of drift was investigated by using paper 
sereens at as great ranges as possible and then continuing 
the investigation at still greater ranges on the beach. 
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Fig. 9. Impact in Sand, Boat-Tailed Experimental Bullet. Range 
4800 vards. Arfows indicate direction of flight as bullet richo- 


cheted. For purpose of comparison bullet is shown 


Conclusion. 


The range work was discontinued in the latter part of 
May, 1920, after a vast amount of data had been gathered 
for future reference. The equipment of the station, to 
gether with some of the personnel, was transferred to the 
Department of Experiment at the Infantry School, Camp 
Benning, Georgia. 

Thus closed a series of firings unique in the history of 
our Army, and which are believed to have been of ines- 
timable value. The study of the data has just begun, and 
when completed will undoubtedly result in new ballistic and 
fire control tables, as well as other important changes. 


Room of the San Francisco Chamber of Commerce at an 
early date. 

Colonel O’Hern, C. O. of Benicia Arsenal, offered to 
arrange for a meeting at a date to be fixed later for an in- 
spection by members and prospective members of ordnance 
material at Benicia Arsenal. 

On January 19, 1921, a second meeting was held at which 
the San Francisco District was formally organized. The 
new District will include a!l the industrial centers within 
150 miles of San Francisco. Col. Bruce Cornwall was 
elected District Chairman, and he immediately appointed a 
permanent executive committee, consisting of Col. D. C. 
Seagrove, Col. Philip R. Faymonville, Mr. C. H. Snyder, 
Mr. Frank C. Sykes, and a District Secretary, Mr. Wm. H. 
Nanry, of 128 Sutter Street. 

Mr. Metcalf of the Metal Trades Association of San 
Francisco, promised the hearty co-operation of that body 
in building up the new A. O. A. District. 






































































Membe 


F the many instruments of destruction that were in- 
troduced by the Central Powers during the World 
War for use either against the combatant forces or 
the civilian population of the Allied Governments, none 
probably caused more comment or popular wonder than the 
long-range guns used for the bombardment of Paris from 
March 23 to August 9, 1918. Much has been written re- 
garding the details and characteristics of these guns, but 
unfortunately it has all been based upon indirect evidence 
which to date has not been confirmed, so a true deseription 
is as impossible to-day as when the bombardment started. 
However, certain items have recently developed which de- 
serve consideration and these lead the writer to believe that 
the data heretofore submitted, regarding, particularly, the 
length and type, must now be questioned. 


In analyzing the ultimate success of this weapon, it is 
necessary that it be considered from a number of points 
of view. Generally speaking, a piece of artillery is judged 
by its destructive ability and when these guns are so an- 
alyzed it may be safely said that they were failures, for the 
amount of damage to property per round fired was no 
greater than would have been caused by an ordinary 6 
inch high-explosive shell. The deaths and injuries average 
only about two and one-half per round, which is low when 
it is remembered that a thickly populated city was being 
bombarded; this number would have been much less if it 
had not been for three chance shots which caused about 
one-third of the total casualties. 


As an artillery curiosity these guns exceeded anything in 
the way of range that has ever before been attained and in 
that respect were entirely successful. They also demon- 
strated a new fact in exterior ballistics, namely, that a 
greater range could be attained, for certain ealibers of 
guns, when fired at an angle of 50° than at the previously 


thought angle of about 42. 


There was, however, a strategie reason for the use of 
these weapons and as we look back we realize that this 
piece of strategy was nearly successful and failed only be 
cause the French technical experts were able to determine 
the true character of the weapon on the first day of the 
bombardment. It is believed that the intention of the 
German High Command was to cause the civilian popula- 
tion’ in Paris to think that the bombardment of their city 
was being carried on by ordinary heavy field artillery which 
would immediately cause an exodus to the south and west 
of France, thereby throwing such a load upon the rail 
transportation systems that serious interference to the 
movement of troops and supplies would result, as well as 
causing a low morale through the Provinces and the Army. 
This exodus did start, but it came to a halt quite suddenly 
beeause it was learned that the shells were coming from 
guns situated more than 75 miles away. A faet that leads 
one to believe that the enemy desired to convey this infor- 
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mation may be found in their Communique of March 24 
which stated that Paris was then being. bombarded by their 
heavy artillery. Those»who understand the German mind 
and its love for the colossal can readily believe that he 
would not have lost this opportunity of impressing upon 
his own people and upon those of the allied nations the 
true facts, except for the purpose of deliberate misrep. 
resentation of military knowledge. 

In presenting the information that is now available, we 
will start with our. direct evidence and build upon this 
such indirect evidence as we now have and thereby attempt 
to arrive at the probable correct conclusions regarding 
the actual characteristics of the guns and the number that 
were used during the entire bombardment. 

Over 300 shells that have been located fell in Paris and 
its immediate vicinity, but unfortunately none of these 
failed to explode; therefore, we cannot give an exact sketch 
or deseription, but sufficient fragments have been found 
and examined to make it possible to build up a shell which 
we believe is rather exact except for minor details. 

Fig. 1 shows the body of the shell with its probable di- 
mensions. The nose of the shell consisted of a false ogive 
made of relatively thin and very soft metal which was 
mashed into an unrecognizable mass immediately upon 
striking. However, it is believed that it was about 710 
millimeters long and either conical in shape or having an 
ogival radius of about 10 calibers. The body of the shell 
had a flat base with a small projection near the center 
into which was screwed a copper plate used for protecting 
the fuse. Some of the last shells to fall had a slightly 
tapered base which seemed to show a tendency towards a 
boat-tail design of an angle of about 30 

The wall was about 42 millimeters thick at the bottom, 
tapering to about 25 millimeters at the top, with two ro- 
tating bands, one near the base and the other midway up 
the body. The forward one was probably rifled so that the 
seating of the projectile was actually made only by the 
rear band. The shell itself was also rifled, for a distanee 
of approximately 70 millimeters in front of each of these 
hands. This was necessary because there was not sufficient 
strength in the copper band to make the shell rotate when 
passing through the gun at the tremendous velocity x 
quired. The top of the shell was closed by a cap screwed 
into the body and on which was serewed the false ogive, and 
midway between this and the base was serewed a diaphragm 
containing a large threaded opening in the center with six 
unthreaded holes around it. The introduction of this dia- 
phragm was probably necessary to prevent the high ex 
plosive material from moving towards the rear, due te 
inertia, thereby causing either a detonation due to friction 
of the particles upon each other or such a bigh density of 
loading as to prevent detonation by the fuses. This dia- 
phragm in all probability contained a fuse in addition to 
the one located in the base and operated independently. 
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THE GERMAN LONG RANGE GUNS 
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If this is true, it explains why no duds have been found, 
for, assuming a rate of fuse malfunction of 5 per cent, 
which is a fair average for the tvpe used, the actual rat 
would be 5 per cent squared or one in 400 rounds. 


The chemical composition of the body of the shell has 


heen determined to be about as tollows 
Ps 
Carbon 60 RO 
Silicon 25—.30 
Sulphu .03—.05 
Phosphorus .03—.05 
Manganese 30—.50 
Chromium 1.3—1.5 


Niekel 2.0—2.3 
The elastic limit of the metal has been found to be about 
114,000 pounds per square inch, the ultimate strength 
about 150,000 pounds per square inch and a Brinell hard 
ness of from 300 to 350 units. 
All of the first shells that fell on Paris prior to the 27th 
of May were 21 centimeters in diameter while those afte: 
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this date had a diameter of 23 or 24 centimeters. However, 
there was no change in the number of lands, or any ap- 
preciable change in the weight. 

It ean be said that these located shells constitute the only 
positive evidence we have that Paris was actually being 
bombarded by artillery. However, the allied airmen lo 
cated three gun emplacements in the vieinity of Laon which 


‘ 


seemed to be of such a nature as would 


¢ required tor 
these guns. The preliminary information for determining 
the reneral location was obtained by noting the line of 
all through the floors and walls of buildings that were 
being struck. This location has been recently eonfirmed 
by articles appearing in a late issue of the West Deutsche 
Rundschau and in that of the Munchener Neueste Nach- 
richiten of Mareh 29, 1920. 

Assuming therefore that this location was the actual po- 
sition of the guns, and from the previous deseription of 
the shells, we may say that our direet evidence regarding 
the material is that a 21 centimeter shell weighing ap prox- 


mately 120 kilograms (which figure was arrived at from 
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fragments, and later confirmed by Professor Langner of 
the Skoda Works) was being fired a distance of 122 
kilometers; that the muzzle velocity was very high as 
shown by the fact that rifling was of a 4° slope. A shel) 
of this nature would have a ballistic co-efficient of about 
10, based upon the American system of notation if its 
form factor was as low as .39. While this latter figure is 
exceptionally good, it is not better than might be expected 
when the results obtained by the German field artillery 
during 1918 are considered. 

Figure 2 shows the probable trajectory of a shell for a 
range of 76 miles. The two curves are based upon ealeu- 
lations made by Major J. Maitland-Addison of the British 
army and from a French source of information. The 
eurve of air density shows the reason for the tremendous 
ranges obtained while the projectile is in the upper strate 
of air, as it will be noted that the density at 12 miles is 
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Fig. 3. Detail Showing Location of Heavy Gun Emplacements, probably 
German Long Range Guns 


only about 8 per cent of the density at the earth’s surface. 
In order that the reader may get a better idea of the flight 
of these projectiles, in the lower left hand corner is shown 
the trajectory of a 155 mm. G. P. F. gun firing at its 
maximum elevation and with its maximum muzzle velocity 
used during the World War. 

The ealeulations applying to Fig. 2 were made before 
the armistice was signed and too much confidence should 
not be placed in them, although they are accurate enough 
to give us a starting point for future thought. 

In the summer of 1919 a commission of American officers 
visited the Skoda Works and while there saw some 38 
centimeter 45 caliber German naval guns that were being 
relmed, and lengthened to an overall length of 36 meters, 
which correspond to a length in calibers of about 170. They 
were led to believe that these guns were of the same design 
as those that were used in the bombardment of Paris. This 
information is believed by the writer to have been incorrect, 
for the following reasons: 

Why should these guns, in the process of manufacture, be 


















































left in these works for any one to visit and examine ang 
yet the actual guns used in the bombardment be so eom. 
pletely hidden or destroyed that no one of the Allied 
Armies has ever seen them, even though the terms of the 
armistice required the turning over of one of them? 

Moreover, it has been the boast of officers in the German 
Army that no one of the Allied Forees would ever see these 
guns. 

The actual length of the gun which fired on Paris was 
probably not more than 21 meters, which would give it a 
length in ealibers of about 100. This value has been ob- 
tained from a number of sources of questionable reliability, 
vet they are of such a nature that they can not be wholly 
disregarded. The same length is also substantiated by the 
designs that have been laid down by the British, Freneh 
and American ordnanee engineers who, when attempting 
to design a gun to equal the German gun, have never been 
foreed to go to a value much greater than 100 calibers, 

We are foreed to assume that the German teehnieal staff 
knew as much about gun construction and ballisties as those 
of the Allies and if this be so, why was it necessary that a 
gun of 170-ealibers in length be constructed when the Allied 
services have been able to obtain the same results from 100 
salibers ? 

It is believed that the Skoda guns would have fired a dis- 
tance of 76 miles or more and that they were being eon- 
structed, after the necessary ballistic information had been 
obtained from the firing of the original weapons, in order 
to overcome certain structural faults. The main problem 
here was probably the development of a powder of such 
characteristics as to burn slow enough to maintain the 
required average pressure without developing an excessive 
maximum pressure. 

Questionable information has been reeeived from a 
former officer in the Austrian army who states that a mul- 
tiple powder chamber was used in the original guns built, 
and while this information cannot be depended upon. we 
must give it consideration as it has been confirmed by two 
other sources. Some such feature as this may be the reason 
why so much care was used in the suppression of informa- 





tion regarding the actual guns employed in bombardment. 

The number of long-range guns built is as mueh a 
mystery as their construction, but Dr. Langner, of the Skoda 
Works, states that the information he received when at 
the Krupp Works was that nine of these had been built 
of the 21 centimeters ealiber. <A high official of the Prus- 
sian Ordnance Board stated to an American officer that 
six guns blew up in proof-firing and that the Germans 
were so afraid that the Allies would learn the secret of 
its construction that all fragments were collected and im- 
mediately melted. 

In the article referred to from the Munchener-Nevest 
Nachrichten, it is stated that three guns were in position 
for this bombardment. Other information has been ob- 
tained from sourees that are not so reliable but which lead 
us to believe that the number as stated by Dr. Langner 
is probably correct and that the number of failures as 
stated by the German high official is also reasonable. As- 
suming therefore that three guns were originally used of 
the 21 centimeter ealiber, we will analyze the firing figures, 
in order to determine the probable aceuraecy of this in- 
formation. 

Assuming that the aeceuracy of the gun was such that 
individual spots in Paris could not be fired upon with 
certainty, and therefore calling those that struck within 
the Paris walls hits on the target and those without misses, 
we arrive at some very interesting results. 
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THE GERMAN LONG RANGE 


It has been estimated that the life of these guns was 
about 50 rounds. This figure is checked reasonably close 
by the British Admiralty formula which has been found 
to be satisfactory for guns above 6 inches in diameter. 
By analyzing the daily log of the fall of shells in the 
Paris bombardment, we find that groups of about 50 
rounds so divide the firing that a marked decrease in accu- 
racy develops during the last few days of each period. 
To cite a specific example, on the 29th of March out of 4 
shells fired only one struck Paris, while on the 23rd of 
March, the first day of the bombardment (a total of 21 
shells fired) 18 fell in Paris. In the next series, we have 
18 shells striking in Paris out of a total of 21 on the Ist 
day, and on the last two days there were only two hits 
oat of a total of seven. By continuing down the remaining 
four groups, it will be seen that approximately the same 
conditions hold true. Attention is here called to the pre- 
viously stated fact that all shells after the 27th day of 
May were of the 23 or 24 centimeter diameter, while all the 
shells before were 21 centimeters in diameter. From the 
above, the following conclusions are drawn: That the 
enemy had three gun emplacements, that he fired only one 
gun at a time and completely wore it out before using the 
next, that when his first gun was worn out, it was returned 
to the Krupp Works to be re-bored and re-rifled and that 
it was put in position again previous to the 27th day of 
May. The second gun was worn out about the 7th of 
April and was reconditioned and put in position about the 
4th of June and the third gun was worn out about Mav Ist 
and remounted about August 5th. By so handling the 
material two months or more was available for the re-bor 
ing and re-rifling, a sufficient time for the proper execution 
of the work. 


Another interesting fact regasding the handling of these 
guns is that the Allies have not been able to reeeive informa 
tion from anyone who ever served with them at the front 
although much fragmentary knowledge has been obtained 
trom people who claim to have worked on them in the 
Krupp Plant and from others who ciaim to have au 
thentie information as to the actual design. This leads one 
to believe that a small group of men were used in serving 
the pieces, which would not have been possible if all three 
guns had been manned at the same time. 

From information and results previously referred to, 
the following table is offered as to the probable character 
isties of the lone range German euns: 


Length aE eC ee PR 21 meters or 100 ealibers. 
Muzzle velocity POORER Pee 16 meters per second. 


Maximum powder pressure_4000 kilograms per sq. em. 


Angle of elevation.________50 
Ballistic ecoefficient______ 10. 
Weight of projectile 120 kilograms. 
Caliber _....._____________21 centimeters. 
Caliber after re-boring-_-_-_-- 23 centimeters. 


Number of grooves and lands_64. 
Probable life of run 50 rounds. 
No. of guns used in bombard- 

ment -.......__________3 (each re-bored and again 


worn out). 


Fime of flight of projectile_3 minutes. 


_As Stated at the beginning of this article, the informa- 
ion that has been learned regarding these guns is of a 
most uncertain and unreliable nature, and time only ean 
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tell whether the true history of these weapons will ever be 
generally known. They have, however, opened up a field 
of artillery work of which little is known, and while the 
actual usefulness of weapons of this nature is small at the 
present time, the United States Government should be 
sufficiently interested to carry on experimental work, in 
order to determine whether they can be reproduced with 
the facilities and knowledge now at hand, and if not, the 
ereatest effort should be made to study and develop those 
principles governing gun construction which would make 
it possible to not only reproduce but to exceed the results 
obtained by the German weapons. 


Characteristics of Long Range Gun as Shown in Fig. 2. 


British. French. 


l. Range in miles. ae 7 ‘ 76 76 
2. Maximum height in miles ’ 23.9 23.7 
3. Time of flight in ee 177 L177 
4. Muzzle velocity in feet per second__ 5000 5620 
5. Angle of elevation__-_~_- < 50 $8°-397 
6. Velocity of vertex—feet per second 2267 2270 
7. Velocity point of fall—tft. per second 2626 2380 
8. Ballistic co-efficient 10 8.78 
9. Angle of fall —- 54°-40’ 54°-51]’ 
10. Weight of projectile in pounds 330 265 
11. Caliber in ineches__---- ne 8.3 8.66 
12. Weight of powder in pounds 100 441 
L3. Length in ealiber : ; 130 168 
14. Maximum pressure, lbs. per sq. in. 47000 57000 
15. Volume otf powder chamber in eu. in. 22000 21400 
16. Volume of bore in eu. in 70700 SS8500 


; 


17. The breech construction to be either of a number of 


+ 


the fun itself or a specially designed 


powder chambers i 


eartridge case to vive SuUCCeSSIVe OO} prolonged explosions 


of increment powder charegs. 


Restrictions on Travel of Reserve Officers Remoy ed 


The restrictions upon the travel or temporary residence 
abroad of Reserve Officers have been removed. Upon re 
quest addressed to the Adjutant General of the Army, such 
officers will be granted permission to travel or reside abroad 
without regard to the probable duration of such travel or 


residence. 


EDITORIAL ANNOUNCEMENT. 

Due to publishing conditions over which we have had no 
control, the issue of the January-February number of “Army 
Ordnance” has been unavoidably delayed. It also happened that 
an unusually large number of articles was received, of merit, both 
as to subject-matter and timeliness, so great as to make their 
publication in the current issue almost compulsory. In order 
to make the best of this condition of affairs and insure resump- 
tion of our regular publishing schedule, it has been deemed best 
to combine the next three numbers—January-February, March- 
April, and May-June—into two numbers, which will be called 
the January-February-March and April-May-June numbers. By 


July lst it is anticipated that regular bi-monthly issue can be 


resumed. 
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VoL. | JANUARY-MARCH, 1921 No. 4 
“.... But Keep Your Powder Dry!” 
N the one hundred and fifty years since the thirteen states 
formed the nucleus of a great new nation, what has been 
the deciding factor in each contention over a question of 
right and wrong in which America has been involved? 

In the very first instance, when taxation without representa- 
tion became tyranny, what means corrected the injustice against 
us? Arms. When foreign frigates searched our merchant ships 
and removed American citizens without right, what stopped this 
impressment of our seamen? Arms. When these United States 
were threatened with disruption over the fundamental question 
of the right or wrong of human slavery, what effected its abo- 
lition? Arms. When atrocities were committed in Cuba, com- 
pelling us in the name of humanity to intervene, by what did 
we halt this barbarism at our very shores? Arms. When our 
women and children were being gratuitously murdered on the 
high seas, what terminated this abridgement of the right of free 
peoples to pass and repass, unhindered, upon the world’s water- 
ways? Arms. Arms and armament. Not moral suasion, not 
logic, not reason, not an appeal to justice or a plea for mercy 
In no single instance was an equitable decision arrived at with- 
out resort to arms. And in no single instance did we sally 
forth and provoke a quarrel because we felt an urge to establish 
ourselves as a great military power. We resorted to force for 
the fundamental reason that unless a man is willing to defend 
a principle he believes to be vital to the welfare of humanity 
either he or his principle is a bit weak in the knees, and if he 
feels that he must fight to defend it, he will fight with his 
bare hands, lacking other means of defense. 

Wars always have arisen and always will arise from a dif- 
ference of opinion as to the right and wrong of a-given con- 
tention. History affords us numberless examples of men hating 
each other with a deadly hatred for love of the same God: and 
going cheerfully to the stake to sustain their conviction. There 
was a difference of opinion as to the justice of taxation without 
representation, as to the right of one human being to own 
another human being body and soul, as to the right of one human 
being to torture and oppress another human being, as to the 
right of one nation to encourage the wanton murder of the 
women and children of another—and these questions were settled 
to the lasting benefit of civilization only by a final resort to force 
Abolish ail the armament in the world, and men will still 
settle their disputes as they have since the memory of man 
runneth not to the contrary—with tooth and nail, with clubs. 
with bows and arrows, blunderbusses or machine guns—in 
short, with the means that is readiest to their purpose. Arma- 
ment—the means of defense—can be put to bad uses, but so 
can a man’s fists, and the blame should not attach to the arma- 
ment but to the mind which conceives its employment on the 
side of evil instead of right. Cutting off a man’s hands seems 
rather a drastic measure to take to prevent his possible bel- 
ligerency. 

The genius of eternal peace lies in the hearts of men. Na- 
tions are but collections of individuals and as such are capable 
of and susceptible to all the ambitions good or bad, the com- 
mercial rivalries, the patriotic fervors and the petty jealousies 


of the human atoms of which they are composed. History 
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teaches the futility of seeking to unify the perceptior f great 
social units, such as nations, until a firm foundation leading to 
this end has been established among the lesser social units, such 
as states, municipalities, communities, and even families. 

Let us experiment on a laboratory basis before putting a 
new and untried system into quantity production. Applying 
the disarmament theory to the community involves willing- 
ness to forego the protection of bolt and bar, the disbandment 
of police forces, the discontinuance of penal institutions, ete, 


Olt 
Are we ready for this practical test? It is only by thus re- 


ducing theory to actual practice and sensing the outcome of 
its application that we can realize the utter futility of as- 
to agree, 


suming either that men will agree or can be brought 
as to what is right and what is wrong, or that, even if in agree- 
ment, they will, in the absence of compulsion, abide by what is 
right. There is a law against the carrying of concealed 
ons, but every now and again we read of a shooting on a dark 
night. 

which is prepared to defend itself against aggres- 
The greatest bully in the 


A nation 
sion is a nation prepared for peace. 
orld hesitates to antagonize a man who is equipped and skilled 
in the art of self-defense, however pacifically inclined an indi- 
nation prepared for self-defense has to take 


Dp 


vidual he is. A 
ast, than a nation not prepared for 


less punishment, first and last, 

} } } ld hi = uy? "net 
self-defense, even as a man who is able to hold his n is not 
apt to be drawn into a careless quarrel. nd it is well to re- 


member that the punishment a nation suffers lies in the 
waste of human life, in its youth disabled, in a great burden 
of taxation fastened upon its people compared to 
annual appropriations for sufficient preparedness are a 


load indeed. 


It is all very well to say that universal unpreparedness is the 
universal panacea, but a satisfactory modus operandi for this 
Utopian state of affairs has yet to be worked out What 


and equitable adjustment could be made between a 
nation that possesses highly developed plants and organizations 
d another 


practicable 
trained in manufacturing munitions and armament an 
nation totally unequipped for such manufacture? If every gun, 
fighting ship, piece of artillery, shell, every pound of powder 
in the world were simultaneously destroyed, some nations could 
develop fighting power in a few weeks, others perhaps never. 

We are not a bloodthirsty race, and it is the least likely event 
in the world that at this stage in our national career we will 
embark upon an offensive war, seeking whom we may devour. 
But why we should assume, while the millions of men slain in 
the cruellest war history has ever known lie scarcely cold in 
their graves that humanity has been metamorphosed into a race 
of highly intellectual, judicial-minded, Socratic individuals over- 
flowing with the milk of human kindness and brotherly love, is 
beyond comprehension. We heard many laments that Germany 
had set the clock of civilization back by hundreds of years. It 
is well not to try the other extreme by endeavoring to speed 
up the hands of the clock in one mighty whirl, allowing no hour 
jam 


We 


in its natural evolution to strike. The works will surely 
As Americans we have every reason to trust America. 
can continue to live safely in this trust only so long as we are 


able to be captains of our own destinies. 


BACK NUMBERS WANTED. 


Requests for back numbers of “Army Ordnance,” particularly 
the July-August, 1920, number, are being constantly received 
at the office of the Secretary. Members who can spare theil 
copies and who will mail them to the Secretary of the Asso- 
ciation at Room 410, Munsey Building, Washington, D. C., wilt 
render a service to the Association by extending the field of 


usefulness. 
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The Council of National Defense 


By 






WILLIAM R. WILLIAMS 


\s ant Secretary \ 


Meémt 


; r’ M4 ~ + T. ; al Tat _ 
The Act of Congress creating the Council of National Defense 


in 1916, 
edness that stands preeminent in the progress toward na- 
However, the Council was created such a short 
time before the entry of this country into the World War that 
it was impossible to work out a well-planned organization. It 


was an item of constructive legislation toward national 


prepar 
tional security. 


is safe to say that the Council had been given the power 


direction and control it would have evolved sub-divisions of its 
organization to perform the work of the War Industries Board 
the Fuel Administration, the War Trade Board and the other 
organizations that were created to meet the necessities of war. 

No amount of preparation will enable us to dispense with 
some organization exercising in war the functions of the War 
Industries Board, because, despite the most careful plans, con 
tingencies will arise requiring the intervention of such an au- 
thority 

In connection with any pre-war plans for the mobilization of 
industry, a central body acting in the capacity of a national 
General Staff is indispensable. Without such an organization 


co-ordinate and direct the study made in the several 





executive departments, no definite results can be attained. 

While conditions existing during the World War made neces 
sary the formation of the various units referred to above, or at 
least justified their organization, it is asserted that it will be 
fundamentally faulty to include in the preparation of plans for 
another industrial mobilization a body to be brought into exist 


ence for the exercise of the functions of the War Industries 





Board after the emergency has arisen, or even when it is seen 
to be imminent. The plans should include the utilization of an 
existing agency, if there be any such, or, if not, necessary steps 
must be taken to secure legislation creating a body capable of 
doing its part in peace-time preparation and in time of war 
executing such of the functions of the War Industries Board 
and allied organizations as may be then necessary. 

Fortunately, there is no necessity for the creation of a new 
agency. The law creating the Council of National Defense as 
Signs to that body functions that make it peculiarly suitable as 
the co-ordinating agency in formulating plans for the industrial 
mobilization of the country for war pr other great emergenc’ 


and in war of exercising such executive functions as may be 
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necessary The organization of this body, therefore, should e 
. hi . 4 ° : : } . 

two objects—first, to perform its part in the work of preparation 


and second, to allow for an orderly and immediate expansion 
to meet the war demands that may be made upon it. With such 
an organization the only action necessary to enable it to execute 
ime functions will be an executive order. Such order 
can only be issued pursuant to legislative authority similar to 
that contained in the so-called Overman Act, but it is assumed 


thea +o} ] ] } 
that such legislation will be enacted. 


41 brief consideration of the organic law and its obvious meth 
of nnlic : 1] » 7 ; } . 
ot application will show the essential part that the Council must 


take ir ny a » £ : } 2 9 *ys . are 
taxe in any plans for industrial mobilization. The Act. a: 





August 29, 1916 (Bulletin 33. War Department, 1916), 
among other things, as follows 
Thee 10 « 


1 
lat 1f Sha 


PB tart ty Phase duty of the Council of National Defense 

upervi ana direct investigations and make recommendations 
to the President and the heads of executive departments as to 
the ‘ocation of railroads with reference to the frontier of the 
United States so as to render possible expeditious concentration 
ot troops and supplies to points of defense; the co-ordination of 
military, industrial, and commercial purposes in the location of 
extensive highways and branch lines of railroad; the utilization 
Of waterways. the mobilization of military and naval resources 


A ‘ 


for defense; the increase of domestic production of articles and 
materials essential to the support of armies and of the people 
during the interruption of foreign commerce; the development of 
seagoing transportation; data as to amounts, location, method 
and means of production, and availability of military supplies 
the giving of information to producers and manufacturers as to 
the class of supplies needed by the military and other services of 
the Government, the requirements relating thereto, and the 
creation of relations which will render possible in time of need 
the immediate concentration and utilization of the resources of 
he Nation. 

It should be noted that the Council is composed of the heads 
of six of the Executive Departments. These six departments 
may be divided into two classes. First, those which represent the 
great users in war time—the War and Navy Departments—and 
second, those that represent the productive capacity of the coun- 
try—Agriculture, Commerce, Interior and Labor. The Council 
is the great coordinating agency in the preparation of plans for 
industrial mobilization to meet a national emergency. By virtue 
of its membership, it can assemble statements of requirements, 
data as to sources of supply, and after a comparison of the 
former with the latter, reach conclusions as to allocations of 
facilities to satisfy needs. Such allocations can be made by the 
Council acting for the President, and will enable the various 
requiring units to proceed in an orderly manner to make their 
detailed plans for securing the necessary supplies. In cases 
where facilities are inadequate to meet requirements, the Council 
is the proper agency to study the problem, determine the 
measures necessary to meet the deficiency and to initiate the 
proper action. 

The Council consists of the Council proper and the Advisory 
Commission. After the dissolution of the War Industries Board 
at the end of the war, the Council formed itself into a subordi- 
nate organization known as the Interdepartmental Defense 
Board. This is its real working unit. It consists of a represen- 
tative of each of the Executive Departments whose heads form 
the Council proper and is under the chairmanship of the Director 
of the Council. Under a recently proposed reorganization of the 
Interdepartmental Defense Board it will have an Executive Com- 
mittee consisting of the Director, the War Dep: 
the Navy. 


such a Committee lie in its small personnel and in the fact that 


rtment represen- 








tative, and the representative advantages 


it has on it the representatives of the two Executive Depart- 
ments which are the principal requirers in war, and which are, 
therefore, most concerned with adequate war preparation. 


The role assigned by law to the Council of National 





does not contemplate or require a large orgar For its 
peacetime activities, it can readily accomplish with a 
very limited personnel, relying on existing agencies to furnish 
the data needed for the development of plans of preparation. 


£ } 


The degree of expansion to meet war conditions depends directly 
upon the completeness with which we solve our supply problems 
before the emergency arises. 

On January 3, 1921, the House of Representatives, in the con- 
sideration of the Sundry Civil Bill, eliminated the item covering 
an appropriation of $75,000 for the next fiscal year for the 
support of the Council of National Defense. No fair-minded 


citizen can take exception to the desire of Congress to limit ap- 


propriations to essential governmental activities. Now, more 
than ever before, there is need for rigid economy. There is n 


economy, however, in eliminating an item for the support of an 


activity so important to the public welfare as is the Cou 





National Defense. 
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In the development of pilot matériels under the Westervelt Board 
program, great credit is due Frankford, Rock Island, Watertown and 
Watervliet Arsenais for assistance in improving details of designs, in 
suggesting modifications to make the matériels more easily manu 
factured and in developing new and semi-finished materials for use in 
them. Especially valuable results have been obtained from the organ- 
ization at Rock Island Arsenal in working out the details of mobile 
earriages and in the manufacture of wooden models. 

Models. The Ordnance Department has established in the Munitions 
Building an interesting collection of wooden models of all of the new 
types of artillery matériel which are under manufacture in accordance 
with the new development program. As soon as the pencil drawings 
of the various types were completed, full-size wooden models were 
manufactured. These models have been of great assistance in check 
ing the correctness of design and in correcting defects. Their cost 
was relatively small as compared to the cost of actual matériel, and 
it is estimated their manufacture will effect an ultimate saving in the 
total cost of development of many times the cost of the models. The 
collection is also of value as it enables the artillery and ordnance 
officers to obtain a clearer conception of the progress and character 
of development work. Actual pilot matériel of each of the types is 
now under production, and firing tests have already begun on two 
types of 75-mm. matériel. 

75-mm, Field Matériel. The Rock Island Arsenal completed the 
manufacture a few days ago of the first unit of 75-mm. matériel, and 
preliminary firing was conducted at the Arsenal on December 22, in 
order to make adjustments of the gun and carriage. The gun was 
manufactured at the Watervliet Arsenal. This gun has the ballistics 
called for under the new program of development. No firings for 
range will be made at the Arsenal, but it is expected to obtain 15,000 
yards with a 15-pound projectile. This is about 3,000 yards in excess 
of any range obtained with 75-mm. matériel used during the World 
War. There is, of course, no great difficulty in obtaining any range 
desired from a gun of this caliber were it not that the restrictions as 
to weight of matériel are very rigid; and increase in range also calls 
for a larger powder charge, which greatly increases the difficulty in 
supplying and handling ammunition. 

The carriage being tested is of the Split Trail type, permitting ele 
vation from minus 7% degrees to plus 80 degrees, and a total traverse 
of 30 degrees. The carriage is equipped with the independent line of 
sight system and variable hydro-pneumatic recoil. This carriage will 
later be tested in comparison with a Single or Box Trail carriage, 
which is now under manufacture. Artillery officers both here and 
abroad differ in their opinions as to the relative merits of the Split 
Trail and the Box Trail types of light field carriages. Both types 
have distinct advantages, and it is very difficult to determine which 
type is on the whole the more acceptable. The Split Trail Carriage 
is somewhat more complicated, and is heavier than the Box Trail type 
On the other hand, it permits wide changes in direction of fire without 
shifting the carriage itself, and this is considered, by some, of very 
great importance, as it is difficult to shift the carriage in very soft 
ground or in frozen ground. 

75-mm. Pack Matériel. The Rock Island Arsenal has completed the 
manufacture of the first 75-mm. Pack or Mountain Howitzer Carriage, 
and has assembled the Howitzer, which was made by the Watervliet 
Arsenal. A few proof rounds have already been fired. This matériel 
being packed on mules for transport, must be so designed that it can 
be quickly disassembled for packing in individual loads not exceeding 
225 pounds each. This requirement makes the design problem some 
what more difficult. Mountain or Pack Howitzer matériel was not 
used by our army in France, although if warfare had become more 
open and had such matériel been available, it is very probable it 
would have been requisitioned. The Mountain Howitzer matériel now 
in use is known as the 2.95-inch Vicker’s Mountain Gun, and while it 
has given very satisfactory performance in the Philippines in breaking 
up Moro strongholds, it is nevertheless in various ways unsatisfactory. 
The Howitzer has no traverse on the carriage, and is laid in direction 
by shifting the trail. The recoil being very short, the carriage is also 
very unstable in firing, and it follows that it must be relaid both in 
elevation and direction after each round. The new matériel has been 
designed to overcome these and other objections. It will fire the 15 
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pound projectile used in the light field gun, and will have a range of 
about 6,500 yards, which is considered ample for this type of artillery. 
An experienced pack-master is being ordered to the Arsenal to conduct 
pack tests. Preliminary firings for adjustment were held early in 
January. 

Compression of Water. Quite recently, in the course of preparatory 
work on auto-frettage at Watertown Arsenal, special forms of packing 
were tested for use under high pressures, the great compressibility of 
water proved for a time to be a rather annoying factor. While the 
occurrence might seem of trivial importance to the initiated ones, jt 
may prove of interest and of service to the uninitiated who, most 
likely, are in the majority; it is with this object in view that the matter 
is mentioned here. 


In general practice liquids are considered as incompressib| This 
follows naturally from the statements in works on Hydraulics. One 
typical authority says that reduction in volume of liquids under com 
pression is obtained only through very great efforts, and it is only by 


repeating the tests with special precaution that modern physicists have 
determined the very small values of the coefficients of compressibility 

In the case at hand a heavy tube was fitted at one end with a cup 
packing resting upon a plug screwed into the tube; at the other end 
was a hollow plug attached to the tube, with a U packing on the inner 
side. One 4-inch moveable plunger fitted the plug and the packing 
The tube was filled with water, precautions being taken for th: 
clusion of air, and with the plunger in position, the whole apparatus 
was fitted in place on the large Emery testing machine. With the 
application of pressure upon the plunger it was found that the latter 
moved steadily into the cylinder at a rate proportional to the pressure 
Thus at 1,000 atmospheres the penetration was 15 inches It was 
thought at first that this enormous displacement was due primarily to 
the presence of free air in the cylinder. The latter was then refilled 
with distilled water and extra care was had for the exclusion of air 
There was no appreciable difference in the displacement of the phinger 
under pressure. 


The initial volume of water was about 3,975 cubic inches; the dis 
tension of the cylinder proper under a pressure of 1,000 atmospheres 
was about 7 cubic inches; the displacement of the plunger was 188 
eubie inches. Consequently, the coefficient of compressibility of the 


liquid was apparently 0.0000475 The truer coefficient determined 
with utmost care by Grassi, is about 0.00005 for the temperature ob 
taining at the Arsenal Laboratory; later on Amagat found other values 


which varied with the pressure. The agreement is remarkably closs 
when it is considered that no special preparations had been made to 
measure the volumes involved and that the observation of the phe 


nomenon was not planned, and, in fact, was but a mere incident in 
the conduct of the test intended. 

No less remarkable was the perfect elasticity of the liquid which 
caused the plunger to return exactly to its initial position upon the 
removal of pressure, or to move proportionally to the intensity of 
the pressure. The notion that liquids are practically incompressible 
is rather widely accepted by practicians and it is little realized that 
as Professor Merriman states in his treatise on Hydraulics, water for 
instance is about 100 times more compressible than steel, its modulus 
of elasticity being in the neighborhood of 300,000 Incidentally 
warning may be given that because of this fact, and in similar instance 
of application of high internal pressures in long cylinders, should the 
systems give way through breakage or buckling, water would not act 
merely as the inert body it is popularly accepted to be, but rather as 
a mighty spring, quite likely to cause grave damage both to materia 
and to the operators. 

The New 16-inch Coast Defense Weapon. The largest and most 
powerful piece of ordnance ever built in the United States has just 
been comp'eted. The rifle was manufactured at the Watervliet Arsenal, 
New York, and the carriage at Watertown Arsenal, Massachusetts 


The new 16-inch rifle is about 69 feet overall, and weighs 340.000 
with a 2400-pound 


pounds. It gives a muzzle velocity of 2,700 f. s. 
f 850 


armor piercing projectile. The propelling charge consists 0 
pounds of smokeless powder. 

The disappearing carriage, upon which the gun is mounted 
about 850 tons. It permits the gun to be fired through 360 degrees of 
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g Carriage with 16-inch Gun 


These bellows are widely used in heat-regulating devices, pa 
valves and for other purposes. They can be expanded and contr: 
many hundred thousands of times and even into the millions, 
limits of movement are well within the elastic limit of the 
Commercial use, however, has not required bellows of as gi 
as is necessary for our purpose, and this is one serious obstacle 
overcome. A manufacturing process must be develope f , 
permit forming bellows from long seamless tubes r E” and ' f vo cylinders are essentia 


The new system was applied experimentally to a 3.3-in n cylinde: in ¢ jae lesign would be omitted altogether 


riage, and as it was necessary to use the matériel without radica ssible n i ffi air capacity in cylinder 
changes, the system could not be applied in an ideal T P 

the reader will probably note, improvement in the 

can be made at several points. Before discussing th 

be best to describe the system shown in more deta 
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on the outside of the bellows is exactly equivalent to that on the inside 
so that there are no unbalanced stresses acting. 

During recoil additional pressure is, of course, created in the 
cylinder “O,” and this pressure is transmitted immediately through the 
fluid to the oil in the cylinders “E” and “F.” 

It was at first feared that as soon as the piston “B" began to move 
a shock wave would be transmitted through the oil somewhat similar 
to that by which fish are killed, if the ice is struck with a‘sledge. It 
was feared that this shock wave might cause collapse of the bellows 
even before the oil began to perceptibly move. It appears that this 
does not occur, 


recoil 


action 

Oil passing through the valve at “D” immediately raises the pressur: 
in cylinders “E” and “F” to that existing in cylinder ‘“C” less the drop 
in pressure due to friction and loss at the valve and the ports between 
The ports between cylinders “E” and “F” are made as 
large as practicable, so that the two cylinders may act essentially as a 
assist further in the equalization of pressure in the two 
they are connected at the front end through a channe! shown 


unit. To 
bellows, 














1. Cradle | 6 1 I 
2. Clin er ( I > 
3. Sight Support S \ctuating | 
4. Panoramic Sight 9. ¢ Lev I 
5. Sight Relea Kr 10. Sight Lir \ 
A-A I r Ax Which $ 
\ 4 
-B. } 
at “Hi and K | g tl ‘ 
qualized Botl I i fi i t t sam i 
attached at th val I 
It I essary that t sha ive a t 3 t 
exterior of tl b ) rd to avold a x SSIV 1 l 
and fi this reason t bellows 1 t iv amp earan hin 
ylind Th ara nay be provided eithe yp i 
of diameters or } ttin ongitudina annels in the a 
The gun having lly recoiled, and the bellows being 
pressed state, expansion then begins, and the oil is forced back 
the cylinders “EB” and “F through the valve at ° D. This va 
however practically closed upon counter and the oil in act 
return only through the small pin hole opening at the centet t 
valve vith the exception that a certain quantity of o may 
through the opening M" at the bottom of tl regulator buff 





then through 
around the 
the regulator rod in entering the buffer cavity reduces the flow of oil 


through the 


The rearward 


further 


buffers becomes impossible. 


ably the system of 
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drawing, it is 
counter 


by-passed 
however, 


shown on the 
Near the 


not 
— 


channe!s 


valve at end of recoil, 


opening ‘‘M,” thus compelling the gun to return gently to 


ts original position, since the opening at the center of the valve “D” 
small, and flow of oil correspondingly slow. 
The buffer rod end is attached to the diaphragm “O.” This dia- 


phragm is mounted in the bellows head as shown, and under action of 
the 
head “‘Q 


spiral spring “P,” it is held at a predetermined distance from the 


Tr 
] S 


construction is for the following purpose: If there is loss of oil 


from the system the pair of bellows under the internal pressure will 


mtinue to expand until the void created by the loss of oil is taken up. 
*“Q” “O” with it, 


movement of carries the diaphragm 


and this movement will continue until the packing ring in the diaphragm 
O” seats itself on the lip of the sleeve at “R.”’ When this takes place 


the “E” and “F” around the 
If, however, for any reason the seal at the 
head “Q” will continue to move until the 


escape of oil from cylinders 


“R” is not positive, the 


stem of the poppet valve “S” comes in contact with diaphragm “9.” 
This will open the poppet valve and release air, thus restoring the 
ulance of pressure, 


As indicated above, the fact that this system was incorporated for 
periment in matériel already available, prevented reduction of the 
design to the simplest form possible If it were necessary to use both 
ylinders “E” and “F” as in the design indicated, probably not much 


ld be gained in the cost of construction over types now in use. It 


however, to omit cylinder “F,” and thus simplify consider- 


packing at the left end of the mechanism, which is 








ir from ideal and not proposed except for the experimental work. 
timated that the use of this system would bring with it the 
wing advantages: It becomes no longer necessary to give cylinder 
FE” a highly finished interior, this cylinder merely being ground. Its 
act s also not of importance. Manufacture of the bellows and 
assembly to its closing heads is not essentially difficult, and if these 
manufactured in quantity the cost would be relatively low. The 
parts having once been manufactured, their assembly becomes very 
simple, and no special skill or knowledge is required in the assembly 

ratior which are at present a choke point in production. 

{ mechanism was modified in principle along the lines shown in the 
ketch herewith, although quite different in some features. It was not 
possible to secure bellows of sufficient length manufactured out of one 

of seamless tubing. It was therefore necessary to use a number 
short lengths soldered together into a tubing 60 inches long It was 

t practicable to modify the mechanism to give the full long recoil, and 
n the test the recoil valve was set for short recoil, and the gun fired 
yrizontally Starting with a very reduced charge and gradually 

up to a full charge, 10 rounds were fired in September, 1919. 
I ws is ther moved and examined, but did not show any 
xces nternal or external pressure. Upon re-assembly, 3 
rounds at 5, 10, and 15 per cent overcharge were fired, and the 
‘ re-examined One section of the bellows showed slight evidence 
" ess ution being slightly flattened out at a 
V w rently of thinner metal than the others. It 
unt vated that this might happen, due to temporary local pressure, 
ntirely possible to eliminate this difficulty by proper con- 
It thought the following tentative conclusions may be 
uN 1 this firing 
No serious disrupt shock wave or other unbalanced force de 
tru the bello is developed 
I eta bellows will effectively separate tl and air 
’ ul the y e f oil for t ym between 
t t belle 1 I rovided 
j t] ¢ made tl ! netioned ur at stresses 
vuld be sul ted to uy design hanism, and 
" ilt y } Y le i pro sing 
Sights. The f s a des tion of t ht for the new 75 
fie!d ‘ ) t Frankford Arser The sight 
itomatically yrrects both rar nd deflection r wheels being out 

4 main bracket fastened to t t cradle rocker At its upper 

tl uwcket | 3 journal, into which a cylindrical turning mem 
nserted and held transversely, although free to rotate when 

fit to k t turning 

tl other tw rn fit in sockets in the sight support, 

I nd a Panoramic Sight of the latest model. 

of t sig s ort is snugly fitted into a gocket in the 
eveling 1 anism. TI! oss-leveling mechanism is fastened to 
br t I sight o s moved through the same angular 
ition as the gun its« by a link and crank system. The 

bubb yn the sight support is kept central at all times by means 
vid Tl sures that th azimutt rele of the 
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it is in the true horizontal plane, all angles measured instead of being secured rigidly to the piece. Several sar ere ; 


Panoramic Sig 
being true angles. made up on this principle; some provided with a spring tor 











































The main bracket, being fastened to the rocker of the carriage, is for returning the telescope to the firing position and other t it » 
stationary at all times with respect to the rocker. As angle of sit is Another idea proposed by Maj. K. K. V. Casey and incor i 
put on the rocker moves, so does the sight and gun, so that the relative one of the models was that the body of the telescope should ted 
position of the three is not changed. In the rare case when both on the side of the rifle instead of on the top, an offset eyey ng 
wheels are on the same level, movement of the cross-leveling knob provided to bring the line of sight over the center of the lhis 
merely swings the line of sight in a plane perpendicular to the axis ot arrangement had the advantages of permitting clip loading ! 8 
bore of the gun. As the gun is elevated for range, the sight cross is necessitate any alterations to the rifle and permitted tl roy ¥ 
elevated to the same degree Then cross-leveling throws a twist into be used by simply rotating the telescop sight down t , 
the sight support, due to the fact that the support must move in a alongside the piece where it was out of the way 
path restrained by the mechanical limits of the sight ross and the The new sight is of the offset type above referred to nd 
cross-leveling device. all of the advantages of this type In addition, a consid B 
3acklash reduction devices have been provided at all points where proved optical system has recently been developed whicl 
this error may creep in. porated in it, and which will, tt is believed, make this 
Caterpillar Mount for 75-1m. Gun. The above illustration shows tl optically to any of the types either of domestic or foreig ' 
new Self-Propelled Caterpillar Mount for the 75-mm. gun and 105-mm vet tested at Camp Benning This sight wi he of ¢ ne ° 
howitzer, Model of 1920, under road test at the plant of the Holt or rigid mount type and hence somewhat less comp ited 
Manufacturing Company, Stockton, Cal. This figure shows a wooden eee Se tal models. It is expected that this 
dummy of the 105-mm. howitzer, model of 1920, on the Mount which completed i six weeks ind in the meantin 
carries either this howitzer or its companion piece, the 75-mm. gun “Casey” sight is being given an improved optica 
1920. 
There has been incorporated in the design of this new mount all of 
the changes found desirable as a result of the exhaustive tests of th: 
Self-Propelled Caterpillar Mount for the 75-mm. gun, model of 1916 
which was the first Caterpillar Mount built for the 75-mm. caliber 
In all Caterpillars noise has been an objectionable feature to the 
using services, and in the new Mount, effort to eliminate noise and 
shock has been successfully made by the use of rubber blocks \ anized 
to the track shoes, rubber-tired front idlers, track sprocket tr 
supporting rollers and truck wheels Shop tests indicate the com 
success of the use of r Obviously, the safe operatir — 
Caterpillars is greatly increased by reason of the shock-al 
of rubber. 
Removable shields to afford front and flank protection t 
sonnel riding on the vehicle are provided These 
signed as not to interfere with the elevating or t tl 
in firing. Stability is insured by the use of light weight trigg 
which instantly drop into position by tripping a 
The 8-cylinder motor used in th mount is one of 
engineers of the Holt Mantfacturing Company As ! tar 
parts of the 5-ton tractor motor are employed a 
to facilitate production and supply of spare part wy 
normal speed is 72, giving a speed of 12 m per |} rs ¢ } 
3 running speed of the Mount. The motor is equipped with both magnet 
. and battery ignition. It may be started eithe by a t 
5 starter, or by hand starter from the driver's seat TI motor 
4 specially designed for operating under water at a dept mited only 
F| by the height of operator. r Mour r 75-mm. G 105-1 i] 
Principal Characteristics 
nor change that ompa t é y 
' Total weight 120 aE es . 
: Maximum range of gun rd 150 : ere si RE em Ce | i 
Y Maximum range of howitzer . yards 1204 ie ke ree aes aia Ric iia 
Maximum traverse —_~- ; 24 pads = ted TI ee he eae : 
; Maximum elevation  - hinds 7 staiiatat tm lol a wiestiena se ce : 
Distance from ground to axis of gur : nehe 61 ae ; anal calkmen “ta il coal dllaieeen s , 
Maximum overall length of vehicle nehe 16 LE IER SLSR NS TS ase The = abiam P 
Maximum overall width of vehicle nehe 77 “ a <a tae tae Fes Sg ee 
i Maximum overall height of vehicle es i , , ; ; P ; ce 
Center to center of track " ; i? ‘ f 7 sa , ee ee wf 7 wf x Fs : ciate the : ae ¢ the ns 
> Width of track inmehe 12 : 
2 target elatin t the battery § sufficient lo t ! 
f Length of track in contact with ground alee ‘ Beigrenaen 
§ (a) Minimum contact on hard surfaces_-_ inches 61 SRE Re a Oe ng he — ee bie 
(6b) Contact length 3-inch depression nehe 108 a cae sialon selon is ial ee eae 
Approximate ground pressure 3-inch depression sin iuetintieeailt Ok eiieen ep ties the tabide eam t ieee 
ee gs a ee pounds per square incl 9.8 ceeded ot Phe a mgt ae hich tl 
Minimum turning radius ~~~~~~--~-- inches 104 ea ak mec eto aie be entienl arate nial 
Road speed at normal motor speed (1200 R. P. M.) bubble and the compass reading are visible in the field of view, and it x 
OE eee ee ae . 2.26 M. P. ee ae : Oe ORE ERE RG ean elag tee ee ies t 
Intermediate speed -~~~-- ; pains a.2.8. elt - 
» High direct a Ee ----- -- 11.96 M. P. H Field Gun Siohts. The design of the sight and quadrant for tl 7 
Reverse speed RE LSE ciao Seeger 1.6 M. P. H - i 508-0 a ed Phessdihaed eee ee t b 
; Maximum speed, motor speed (2500 R. P. M. 25 M. P. H wre care aad site alee deities ieee Weal os 
f 7 | 1 s t ! { tT , 
¢ Frankford Arsenai ff we he alseile ais * P i pee om 
¥ Musket Sight. Frankford Arsenal has completed the design of a new as the earlier mod This sight + automatically ze t both range v1 
Telescopic Musket Sight to overcome the objections of the Experimental and deflection for wheels being out of level. 
x Board at Camp Benning to the earlier experimental types. he quadrant for this carriage embodies some new ideas in tl 2 
One of the basic principles on which the earlier experimental types is attached directly to the trunnion of the gun and the rang: nd 
b were designed was, that to prevent injury to the telescope due to the cated by means ot differential gearing actuated by movement 
a shock of firing, the mount should be arranged so that the telescoyx relative to rocket 
would have a certain amount of movement in the direction of reco inti-Aireraft Sights. The sighting system for the new 3-ir 
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in ar r deviatior ! tl i mparahle liu 
ervers, 1( ere men wil ent enlisted in ft} Army and Ww . +4 hy j 
re sent directly to Fort S | the Ordnar Department after ‘ this nat 
rt t ! ! or of ft 0) nee S 00 The the obser i , 
non-commissioned officer rom Fort Si During the cours The act weight of tl sembled ¢ - : 
test these 18 observers used all the instrument nder approximately . ¢ 4) , r fully « nT 11 Wit t ! ' 
ar condition It follow the ore that f the mear ingular 4} - t ¢ t w) of the irria 4, « t 
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Proof-firing of this gun and carriage was started December 22 with 
an outside temperature of 34 degrees. At this temperature the oil in 
the recuperator was viscous and heavy, and the firing tests were to 
determine the safety of the gun rather than of the functioning of the 
carriage. On December 23, with an outside temperature of 26 degrees, 
2 rounds were fired, 2 pounds, 9 ounces of the powder supplied for 
the first round increased to 2 pounds 11 ounces for the second. The 
resulting powder pressure was 32,260 and 34,500 respectively. At 
34,500 pressure a muzzle velocity of 2,104 feet per second was secured. 
The projectile used in this firing was a square or blunt end slug, weigh- 
ing 15 pounds, especially provided for proof-firing purposes The 
length of recoil at the 5th round with practically a service charge was 
23 inches and the carriage was returned to the shops for adjustment 
of the recoil mechanism and a survey for deformations of the carriage 
In further firings, recoil and counter-recoil velocimeter records and 
indicator cards of the interior pressure of the recoil cylinder during the 


recoil will be taken. 


For proof-firing at temperatures such as obtain at the present time 
zero degrees to 15 degrees, it is the intention to substitute for the heavy 
Oleonapthe a blend having the same viscosity at about 15 degrees above 
zero as Oleonapthe has at 70 degrees. Thus, in firing at low tempera 


tures, the recoil action will more truly represent the normal 


The recoil velocimeter record is the wavy line traced by one pron 


of a tuning fork upon a steel ribbon coated with lamp black and drawn 


to the rear under the electrically vibrated fork by the gun in recoil 
The vibration of the fork per second being known, the distances from 
crest to crest of the waves in the record give the velocity of recoil at 
any point. Similar record is taken of the counter-recoil on a blackened 
ribbon attached to the gun, the vibrating needle being mounted on the 
carriage and set vibrating by the gun at the end of recoil. Its record 
is made as the gun returns to battery. The interior cylinder pressure 


record is taken on a Tabor indicator of the familiar steam engine ind 
eator type, the cord of the drum of the indicator being attached 


gun, which thus turns the drum in recoil as the pressure moves t 


pencil to trace the record. This instrument is inclosed in a sheet steel 


box to protect it from the blast of discharge. 


An interesting comparison between the weights of guns and reco 


mechanisms of recent types is given in this tabl 
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= b ~- h & -@ = -= sé 
Weight of gun (sliding block) _ 764 7 101 
(screw block) _— 
Weight of other parts tipping in 
ee -—-— 684.5 544 395 
Total - an —— . muvesas OO 1308 1365 132 
Ratio weight of other tipping 
parts to gun_- per cent 55 71.2 ) 
Vote.-In the weight of the tipping parts of the model 192 
cluded movable shields weighing 97 pounds Deducting tl the rat 
of recoil mechanism weight to gun weight becomes 47.3 per cent [r 


the model 1916 the high percentage is in part accounted for by 


addition of weight to recoiling parts to shorten recoil to make up for 





the considerable reduction in weight of gun. As, however, tl mod 
1920 gun has also been designed at minimum weight, tl par 
with the mode] 1916 would indicate a considerable saving in weight 
the pneumatic mechanism over springs. 

Recuperator Storage. The hydro-pneumatic recuperator r 75 
gun carriage, modei 1897 (French), are stored in accord vit 
Ordnance Field Service Bulletin No. 27, which provides that tl! 
cuperators for these carriages may be stored either separately « 
assembled to the carriage. At Rock Island Arsenal these recuperat 
are disassembled from the carriage and stored in racks built t 
purpose, as shown in illustration on page 198 These racks a bu 
n such a manner that the recuperator is prope ly supported 
fear of the distortion of any part and so that the recuperato read 
accessible for inspection and can be readily removed for shop tests. A 
serviceable recuperators in store are those which have been thoroug! 
overhauled and which have performed satisfactorily under the prescribed 
shop tests. These recuperators are properly charged with nitrogen an 
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oil and all exterior exposed surfaces are slushed 
slushing oil. 


The detection of any loss of nitrogen is made possil by sealiy 
. aUNg yy 


‘ manner that 


{ bubbles 

the grease. In all inspections which have been made ¢ late no ‘ - 
late no |e 

age of nitrogen has been discovered ak 


the nitrogen end of the recuperator with grease in su 
any leakage which occurs is evidenced by the presen 


Leakage of oil is detected by an indicating finger, whict is mad 
. S ade 4 


part of the recuperator assembly for this purpose After the re upers 
tors had been in storage for some time it was discovered that, in ai 
of the precautions taken to insure that all. valves were as tight as 
possible, a slight leakage of oil occurred at field filling valyes and 
oil gauges. This leakage, if allowed to continue, passes the point 


where the reserve oil is exhausted and results in a void occurring in 
the recuperator cylinder and corrosion of the exposed surface wail 
eventually result. Fortunately, however, it is possible to readily detect 
this leakage and it is a very easy matter to pump in additional ojj te 
overcome it, 

The instructions covering storage and maintenance require that ten 
recuperators be selected at random during each six months’ period and 
that they be dismantled completely for a thorough inspection. The firgt 


inspection of this kind made since July Ist was conducted in November 
when ten recuperators were drawn at random, five being from a lot of 






































75 mm. Gun, Model 1920 irriage N 1 1 120 
\ e* Carriage ur € l 
| Right 0 
5 ade at this arsenal and fi from 2,300 of Fren manufacture 
! were overhauled ar ! iired t this a " I re disas 
sembly tl nitrogen pressure was taken by a gauge and found to |! 
ictically the same as when the recuperators were originally stored 
I y part of the recuperator was then disassembled and n a minute 
ectic to detect any deteriorat that might ha ycourred, es 
é being taken to see that the different ng d in tl 
semblies were not broker With the ex t some dis 
' 0 aused by the ther d ih packing. a narts re il 
Spi¢ i ondition Ti di ition s eV tly tl esuit of som 
I ( OSsIO! } h might t iffect t I ition of tl 
ito In order to elin te t sil sour leterioration 
\ ent 1 now being I vit) letermining 
So! meta packir annot | tuted f t bl ind leather 
aackings ne sed 
\ ot i that ! I vl t tors at Rock 
Island A n or ; . 2 but als 
I I perators 1 é art t tely a 
riag t ld be x ssa to ré | runs < rom sucl 
‘ ; starehone nd ¢ y ‘ separately 
t} for d issem] After retur? + . . necessary W 
igain completely assemble the irriages With the method of storage 
dopted. it 1 simple matter to 1 v t! , iperat from the 
vd ? 1 t k a + t ¢ +} shons I} selection of 
te ! ators at andom ilso greativ simplif i al] recup 
1 ' equally accessible, whereas if the were stored assembled 
irriages this would not be the is Inspection of recuperators 
s of oil is also greatly simplified, as tl nspe nfines his 
rk t in area of approximately 3,900 square feet whereas the 
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Some of the development work which is being undertaken by th: viiet Arsenal with cases of malleable iron, cast iron, semi-st 
Aircraft Armament Division, Office of the Chief of Manufacture, Ord cast-steel, which, when completed, will undergo develo; 


nent tests 
nanre Department, at this time, is as follows Aberdeen. The metal which gives the best results will be specified j 
a new order for Fragmentation Bombs required for functioning tests 
bs . 
Bombs. Ot Incendiary Bombs, there are being manufactured at Frankf 


ore 











Under bombs every effort is being made to develop proper “delay Arsenal, several thousand 8-ounce Incendiaries, which are similar jp 
elements for use with new nose and tail fuses The testing of new design to the B. I. Bombs Containers for these bombs ar 
fuses, the development of which was initiated shortly after the signing also being manufactured at that plate These bombs will be loaded by 

; of the Armistice, has been considerably hindered by the difficulty e1 the Chemical Warfare Service, at Edgewood Arsenal, Md., some. he 
countered in obtaining proper delay elements to be used with them ever, being loaded as Smoke Bombs. They will be tested at Aberdeen 
During the past month tests of the delay elements have been held in and, if satisfactory, several thousand will be manufactured for sery , 
which the longer ¢ ys did not give entirely satisfactory results. It test Considerable progress has been made in the de ment 
is possible that these will function satisfactorily with the new tai modification of the old Mark IT Incendiary Bomb r modificat 
fuses, but the tests indicated that erratic results might be expected covers the addition of a nose fuse and a new tail fuss I tests ) 
when they are used with the nose fuses. It is believed, however that date indicate that this bomb as modified will give sat 
with the new design of fuses, even if the long delays are not obtained tioning and it is believed that for an_ intensive i 
better results will be secured than with the old design of fuses It w Bomb it will be as satisfactor s any developed d a 
be remembered that the new fuses are armed by the wind vane, can lx 
easily assembled to the bomb in the field, and have nterchangeabl Ballistics of Bombs 
primer detonators, Sor rire has 1 mad ‘ bea 
Developments have been initiated on entirely new nose and tail f exhaustive ogram has been d - 
These w be somewhat different in principle from those now being , nd tun? it t B of Standa 
tested The specific problem of designing and developing thes f hombs o ontours a 
has been assigned to Frankford Arsenal and during the past mont } 1 ¢ : 
Arsenal has submitted designs which have very promising featu \ ’ . : 
additional safety feature has been ineluded in thes design z j } d ‘ 
; tl tetonator trom 1 I with the primer and having t i . ‘ +] ‘ 
: ict nly atte the bon is bee! t ised on ! } } 
k sa 1M the detonator even tho i t ho i I ! 1 ‘ ‘ . 
letonat boo Tl dela elements hav t t 
fuses so tl issembling prime leton ha } = 
indertaken in the field. W these f t! s 
" I} imufactu of ti hea he s iv W 
: Arse aithough tl o ! — or i i 
; the ta re ¢ l mtracte t ike delive ( t ~ 
; y i ( ( l »f ) i 
\ made o ir k ! i 
‘ l ist I t levelopme! t ! ! Re 
{ \ Proving ¢ M d nd 
t)} t dl idd na 
) I ist | I ted t l . \ I ? ‘ , 
f } I Ll 11 nd Det B i ‘ 
; fa a Y S 
0 ha ] id t ind \i 
y l ha t! il ! DT i i i ' 
" itta d t field I I ; : 
t Me d & Compa ‘ Chicag Ill... the A. O. S ( : ; S ‘ 
t M kee, W und Maj. J. H. Barr o R tor , ; . 
igg ion oO he proveme Wl t 5 flig \ ' B - 
\\ Depart nt ordan W t \ AG t 
! ntrie i mu vor] iS possib it Government A na ’ : 
‘ zed that in tir f war t bulk of ma vet . , “ , 
t lor he p ite plants of the int ( s ent Bomb Sig 
tempt veing made to lay down all designs with this in view ar R P 

t ! el of private manufacture will b Oo considerable as 

ance n putting-the design of the new serie of Demolition Bombs vs , 30 aries ; = . f 2 
| he best form for quantity production It is anticipated that the bomb 2 : , 
; nanufactured at either Rock Island Arsenal or Watertow: M - , , ; ; , 

Arsen ind a representative from the Aircraft Armament Divisior be st awa 7 
) Ordnance Department, will visit these Arsenals within the month to go si ne pdbasadl ‘ 
q over the designs with the engineers of the Arsenals and decide on at ore of Martin airplat ’ _ ; sds “ a 

changes which might simplify manufacture , ‘ pat rt racks are s t developed fo = 


Fragmentation Bombs are being manufactured at Wat Contir n Pag 31 
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SPRINGFIELD ARMORY NOTES 
COLORING AND FINISHING OF SMALL ARMS 
finish 
iniform 
naturally 
corrosion the . 
s often difficult to determir 
It can readily be understood 


desirability f } ame , ore : 
} proces yinets he slowness 


different vi regarding the 
desirable a Inish fo i commer t ] Ky 
‘ ove de rip The oating 


trom ita? ‘ det nm or . 
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$y rotating cylindrical drums 





revolver frames can be given a deep black 
A temperature of 
quenched in oil after treating. The quantity of bone 
carefully regulated. 


can handle several furnaces, making the cost 
perature has to be very carefully controlled to get uniform color. 
finish has an excellent appearance and good rust-proofing qualities. 
often given a black finish 


and quenching in oil. 
commercial blacking finishes 


dation and the effect of the high temperature. 
An electrolytic 


pieces to be blacked in a 


nitrate solution followed by oiling completes the process. 
It is often desirable to ‘“‘patch’ a “browned” or black finished sur 


If properly handled a 





a sulphide solution. 


75 gms. copper sulphate, 


sulphuric acid (1.84 


The sulphide solution is made by dissolving sodium sulphide in water 


and allowing to 
The solution is then made up to working strength o 


sulphur per liter of 


In applying, it is necessary to get a good coating 


of copper by dipping in the copper solution. 


ae a 


This method is use dto very good advantage to color the 


cocking pieces after the polishing made necessary 


copper sulphate 


fitted with special sling swivels on the left side in order that 
carried slung across the Cavalryman’s back ir 


bolt handle will not cause interference. 


elevation screw equals five minutes. 











*quivalent to one 


approximately one point 











the windage and elevation screws click for each mir adustmen 
nent 
It is found that the reduction in length of the barre 9 

Ss, ID 
stead of 24, reduces the muzzle velocity approximately 100 feet Tr 
. - : _ . le 

standard muzzle velocity s 270 feet per second 
? 1Zz\ 

velocity of the new weapon 2°60 feet per secor 
——— 
| 
| 
| 
30 caliber carbine, Experimental. Length of barrel 20 inche 2 8 Pound 


§Service rifle shown for comparison 


Shortening the barrel had the effect of noticeably nereasing # 


muzzzle flash, especially when firing the rifle in a d 





' ht 

It is found that the rifle handled very easily and exceptionally 
well balanced, The recoil is not noticeably greater than that of he 
service rifle. The accuracy of the sample was found t excellent 

The new hydro-electric plant at the Water Shops consisting of 3 
375 K.W. 550-volt 3-phase 60-cycle generator, direct mnected to a 
vertical water wheel, has been placed in successfu peration. Tt 
has been carrying the shop load since December 16, 192 ind thus 
relieving the shop of a cost of approximately $40.00 | lay, which 
would be necessary for purchasing electric power from tl vy source 
As long as sufficient water is available, the hydro-elect: set will 
furnish enough power to carry the entire shop load o1 ice-time 
basis 

Lieut. George Raeder, Norwegian Artillery, visite t Armory 
on November 11, 1920, to acquaint himself with the orgar tion and 
work of the Ordnance Department. 

Capt. Walter T. Gorton, Ord. Dept Bo A visited ft (rmory 
on November 29, 1920, in connection with the de nt work 
the Caliber 37 mm cannor 

Major Figueroa and Captain Biancl accompanie ur non 
ommissioned officers, F. Hill R. Valenzuela, G. Juaré ur A. Rojas 
Chilean Army, attached to the Chilean Ordnance Com n, now in 


the United States, visited this Armory recently. 
Maj. Herbert O'Leary, Ord. Dept U. 8 A Chie Small Arms 
Division, Ordnance Office, visited tl Armory on Decem! » and 


Lieut. Forrest C. Shaffer. Ord dept S \ } heen trans 
ferred to Fort Bliss, Texas 
FRANKFORD ARSENAL NOTES 


Alloy Stee 


The manufacturers of Small Arms Ammunition d t War 
period will undoubtedly recall the enormous cost of d a punches 
ind the idle hours of machines by reason of time consut n chang 
ne dies 

At the Frankford Arsenal ertain experiments n¢ eing made 
n the manufacture of dies and punches wil from pre Lications 
result in an enormous saving in the manufacture of di unches 
ised for various purposes in the manufacture of Small A (mmun 











on, 

The lead press die for the extension of lead wire etotore 
been made of the best grade carbon steel. This die last nly two 
three hours at best. It was necessary to renew the die on an average 

three times daily, each change shutting down tl i re 
juiring a mechan about half an hour to make the chang Rece 
1 die for this same lead press was made from an alloy with the 
result that this die has now been steadily in use for te i and is 
still serviceable. 

A primer cup punch, forme made from the ar boe 
steel would last from two to three hours on the primé ping oP es 
tion It has been found that the same punch made stee 

ast at least ten days 

4 primer cup die manufactured from the best gra \ = 
for use in the manufacture of a primer cup for alibe smmunition 
failed under the strain. A die was manufactured - 
steel and at the present time is still in good conditior 

It has not bet been determined what further dies and inches ¢a2 

ae, nufacture 


be satisfactorily made from alloy steel and utilized in 
of Small Arms Ammunition. Experiments with alloy stee's ™@ 
made on other difficult operations to increase the life of the toe 
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stinent \ Novel Type of Machine Rest study was therefore made in a narrower scope: the cond 


B accurate shooting of a rifle from a mechanical holder in a V-rest, and 
By 


: lien as certain points became more and more obvious it became possi! t 
-— MANOEL F. BEHAR formulate the requirements, as follows 
= Member, A. O. A. (a) The rifle barrel must not be stressed, nor even come in contact 
with anything outside of the rifle 
. "he vide mne » hel absolute secure 
is Everybody nterested in rifle shooting has heard of the machine ob a i = Jeg olay sedi “a - Peer i distorting at 
rest, in which a rifle is clamped for accuracy firing. It would sur parts of the rifle or causing them to receive unusual or a racy 


- gun cranks, however, to be tcld that so great a degree of a 
prise most gun ©" ot destroying strains whenever the rifle is fired 


(d) The force of recoil of the rifle against its holder must be a 





expertness is needed to operate one of those apparently simple devices 


| out 3 Inite States are are ewer ig é t me . . . 
that through the United Stat there are fewer than a dozen men sorbed in one place, and’ that place as close as possible to the axis of 


capable of obtaining smaller shot-groups from the machine rest than 


the bore and to the base of the cartridge. The other places at wl 
































| je on targets by any one of the thousands of expert riflemen , 
| those madé 8 Re ' ? a : pert riflem the rifle is held must not be affected by the recoil force 
: , telescopic sight under favorable conditions of light an . , | ’ 
using a good I 6 able condit 4 and (e) The rifle must be held at as few places as possible; and where 
| wind. ever it is held there must be no tortional resultant from the forces 
| ° . ° 
| The present type of machine rest is as nearly perfect as it can applied; in other words, the pressures applied must be as nearly as 
be. The trouble is not one of careless design, but simply that a possible equal and opposite so as to neuf alize each other and not 
machine rest is like a carburetor—it takes an expert to set it right. iffect the rest of the rifle. 
— That is because when a rifle is clamped, there are stresses and strains (f) Fine the holder itself must be (1) light enough to be carried 
8 Pour on various parts; and when it is fired while thus clamped, these are back with the rifle without accuracy-impairing strains on the points 
r intensified and tend to destroy accuracy unless the operator is so of contact; (2) elastic enough to “give’’ a little with the natura 
ee —— ___:SO Vibrations of firing, and yet (3) strong enough to be accurate—that 
ne } eeeE7'7"~ “2 
5 the | { is, maintain the axis of the bore constant even after a great n imber 
of rounds; (4) simple and not too expensive; and, above all (5), pra 
onalh : | tical—that is to say, it must allow operating the rifle: loading, work 
Mt the " ng the bolt, extracting, eecting, turning the cut-off or safety, et 
lent In addition to these requirements, Major Wilhelm, the Ordnan 
i epresentative on the Infantry Board, directed that the holder be s 
” ‘8 designed | possible as t accommodate rifle ntted wit! i s 
a J types of te scop sights 
. } The above sketch shows a Ring Holder deigned to meet these re 
1 th j 
wha {; quirement 
whick 
ource { 
1 i 
t } ‘ . *, . . . 
Aircraft Armament Division 
tian 
SE | Continued from Page 228 
— PROPOSED RING HOLDER , — 
: R FIRING A RIFL z j Page airplanes and incorporate the Weed shackles in the lesigr " 
and FROM A MANN V"REST | ing the suspension of bombs horizontally insid tf the fuselag 
DESIGNED BY LT MF BEHAR ' 2 
een zy oe jircraft Machine Gune 
— : => | Under Aircraft Machine Guns, one model of the ne 
. . “eure ~ Aireraft Machine Gun has been ompleted at the Colt Manufacturing 
Company and is now undergoing preliminary tests As soon as t 
non experienced that he can find the proper tension to give to the various preliminary tests are completed, synchronization, endura ’ ‘ 
Rojee : ° ° 
tojas lamping screws without spending hours on every individual rifle tests will be conducted The modification of the Brownir Aircraft 
which is what you or I would have to do, and even then finally give Machine Gun. Model 1918 s well under way at Springfield Armor 
up in despair nine times out of ten. and one hundred and thirty-three guns have already been delivered. 
Arms Years of use, and several series of conclusive monstrations, like The design of the Browning Aircraft Machine Gun, Mode 1919 
» and - rn y a "n : 2.3 
; the tests of match ammunition at Sea Girt, N. J., last May, have proved progressing This gun will be identical with the modified Browning 
beyond doubt that the accuracy of the results in machine rest firing de 1918 Aircraft Machine Gun, excepting that the design has en d 
_ pends on the proper “bedding” of the rifle in its cradle or holder veloped with the view of making it a new production job rather than 
rhich in turn depends on human skill. And accuracy is what modification of existing equipment A design of a modificat tl 
sought, not only by our own Ordnance Department, but by those of ll-mm,. Vickers Aircraft Machine Gun has been tentatively completed 
many foreign countries, and by manufacturers of rifles and machir ind one sample gun has been undergoing test for sometir This 
guns, modification has been undertaken with the view of reducing tl 
Wer . . the } rre ia cket ly ‘rench snes } nm dex ‘ } ? ; rrey 
W Another device that almost everybody interested in rifle shooting bal acket, adding a 1] : Aing-up dev udding a BE 
-_ . a i 2 motor : , hye ovneratec hy the ) aris evnehror r : 
has heard about is the “‘V rest, which the late Dr. Manr vho ad wi an rated M . na . y es 
nang signed it, called “a shooting Gibraltar.” It is mply a block of iro developed the Air Service and making such adjustment ~ & 
havine ; 1 1 a ed to nak the run terchangeal witl other mountings 
having a deep V-groove, and set on a concrete base A barrel witl _ t ma n gun int mete . : . 15 . 
made br ' . all . 13.3 purpose of these modifications has been t btair odifi 1 ‘ 
eech mechanism) is clamped in two equal-sized rings and laid in moais mes h moines § 
ns + , : . . . ( ( } satis tory fe mountin ? +} n twpnes ,i7 
- ’ V, and when fired it recoils freely and may also turn slight a : . : és ng ot 
f . + oner } t} ‘ ¢ + ’ P ; netionir r : 
wing to the reaction of the force needed to spin the bullet By using o_o Air Ser . = - 
- . : : : ht 1 hich rate fire 
& special heavy barrel; wibrations are practically eliminated and the _ 5 sictediren ties 
idea : ‘on siderable vork is bei - t Sprinefi _ , 
accuracy is all that can be desired. VOnsiIgera work es , efield A 
: “i = 7 development of the 37-mm., Automatic Aircraft Gur r 
ror testing ammunition the Mann “V”’ rest cannot be beaten The : ; : 
“ee : 2 concentrated on the modification of tl Bald G S 
at “ost accurate known method of firing ammunition Ss from a spe 1 ’ 1 Vi 
ae hear } . . . . functioning and make it m¢ 1dapta ble r an i . ’ 
avy barrel in the Mann rest. That is very fine, as far as it goes . 
re by ; ‘ ? ficulties in th levelopment of this gun ha heer 
- mt when we do that we are not firing from a fle, and the results 
obts , . have been slowly overcome and nov t a ars that gun has er 
the Mained with our special barrel are of little valu vith regard ‘ . 
‘ = evolr i wi | tior sati ctor ! “ i i 
) is rifles mportant as they are with regard to ammunition : , ¢) 
’ | , is T t iscertair t S ror ‘ ‘ ‘ 
So successful has the Mann V-rest method of shooting been that 
exper 7 iwig> . : such a apon at Springfield As s t i 4 
- perts agree in accepting the desirability of firing a rifle from tl : : 
a) M, t ? unctioning ur hy xpected + g + 
aan “ann rest. That this has not been done is due to the construction +} 
tee une especially military rifles The rifle must be held in a tubula 
*% ring holder: that much is evident, but how should it be held 





tee tis clamped in a manner similar to that used in nachine rest ie 4 — / S| } ™ | 
i holder, the accurs f this method could not be expected to be great Edw In A. S 1ep Ve! L 
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